


MAR 24 197° 


























NDUSTRIAL — SCIENTIFIC 


(Reg. U. S. Pat. Off.) 


Yevoted to Measurement and Control Problems 





ol. 4. No. 3 Pittsburgh, Pa. March, 1931 








Place initials of interested 


persons in your organization 
opposite title and call it to 


their attention. 





Editorial 





Pressure Measuring Instruments 





Instrument Springs and Diaphragms—The Status 
of Knowledge of Their Elastic and Endurance 
Properties 





Measurement of Air Flow 





Working Viscosity 





New Instruments 


New Output Meter 

Visco-Meter 

Black Back Mercury Thermometer 
Burgess Acoustimeter 

Saturation Controller 

New Tapley Safety Brake Meter 
1000-Volt “Super-meg”™ 

New Design U-Tube Manometer 
Magnetic Strain Gage 

New Strain Gages 

New Smoke Recorder 

Instrument Measures Heating Effect of Gases 
Van Cittert’s Double Monochromators 
Nephelo- and Absorptiometers 
Recording Color Analyzer 


























A NEW 
TAG SAYBOLT 
VISCOSIMETER 


—with Motor Stirrer and Auto- 









matic Temperature Control 











DDED convenience, much 
more accurate determinations 
and the resultant lessening in the 
time required for the tests, make 





contacts prevented by vibratir 






contact actuated by cam 





propeller shaft... Inexpensis 





it almost imperative that you re- 
place your old Saybolt baths with 





easily replaceable heating < 






. Easy access to tubes at bot 






this remarkable new one. 






top and bottom ... Heats rapi 

Here are some of the new features. to any test point with oil in bat 
Temperature of bath held con- instead of water . . . Adequate sti 
stant to+1/10°F. at any test point’ ring . .. Designed to pern 
between room temperature and §jnstallation of cooling coil if roor 





















220°F. ... Easy setting by means temperature conditions demar 








of pilot lamp which indicates this or for tests at the 100 F. 
whether contacts are open or lower. ... The original Sayb 
closed. A flickering light, seem Standard Viscosimeter tube eithe: 
from any part of the room shows’ with or without interchangeab 
that bath is being controlled and Universal and Furol orifices 


is operating properly ... Sticking retained. 























Write for complete information and prices on the 1-tube, 2 
and 4-tube TAG Saybolt Viscosimeter and learn about our 
liberal allowance offer for old type Saybolt Viscosity bath 
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VOLT-AMMETER 
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| @ (© @ PROTECTED 


V7 ef HEE rae Weston Model 540 D.C 
Volt Ammeter is one of the 
most rugged and service- 
able miniature portable in- 
strumentsever designed. It 
isthoroughly reliable inop- 
eration, handy, compact, 
being pocket size, and 


ibrating : 
am practically impossible to 
nensive damage with ordinary care. 
ew Keach of Model 540’s three 
at both current and three poten- 
rapi tial ranges are indepen- 
in bat! dently protected from 
ee overloads by individual 
pern replaceable fuses. An 
aie ample reserve supply of 
lemar both current and potential 
0 F. fuses may be snugly car 
Savbolt ried in an easily accessible 
e either compartment in the back 
ngeab of the instrument. 

fices The meter is protected 


ae from mechanical injury by 
wuan ae 2 — itsrugged black Bakelite case. This has 


a piano hinged cover withsnap fasteners. 

When desired, the meter may be sus 
pended from the top by the leather 
carrying strap while readings are being 
made. 


ELECTRICAL INSTRUMENT 
CORPORATION 


591 Frelinghuysen Avenue Newark, N. J. 


When writing to the ahove company, please ment 





INSTRUMENTS 











Patented Trade Ma 


WAX SENSITIZED CHARTS THAT MARK BY 
STYLUS ACTION WITHOUT PEN AND INK 


oF of the first advantages of STYLOGRAPH over the pen and ink method 
is the elimination of the time and labor involved in caring for, conditioning, 
repairing and filling the pens and fountains. Usually the careful touch of an 
experienced hand is required to keep the pens in proper functioning condition. 
With STYLOGRAPH, a permanent metal or jewel point is installed that 
requires no attention throughout the life of the instrument, the entire factor 
of marking being within the paper and its sensitized film. 


Where there are a number of instruments requiring daily attention for 
inking, etc., this represents a considerable saving of time. Further, on instru- 
ments that require chart changes at less frequent periods, that is, instruments 
running over several-day periods or a week or a month or a longer period, 
there is present either the necessity of re-inking, during this period before the 
chart is removed, or otherwise there remains the possibility, in the absence 
of careful observation, of the pen clogging or failing to flow with the result 
of a partial or totally blank record for the period involved. 


With STYLOGRAPH it is a complete impossibility to have a blank 
record as the recording medium cannot fail. On instruments running for a 
longer period of time, it offers the advantage of requiring no attention at all 
until the time of the chart removal. This has a special advantage when instru- 
ments are placed where there is not the usual daily attendance. 


In connection with the use of ordinary papers used in pen and ink record- 
ing good papers are required as a partial protection against the influence of 
moisture. STYLOGRAPH consists of a sensitized film that is impervious to 
excessive moisture conditions. 


On a number of graphic recording instrument applications, importan 
consideration is given to the degree of protection the records afford against 
alteration which cannot be detected; in other words, the forging of records. 
STYLOGRAPH affords the best protection possible against alteration which 
cannot be detected because it is impossible to restore the sensitive film to the 
part where it has been marked off by the stylus point, and the substitution of 
false lines is highly distinguishable. 


The ageing process of STYLOGRAPH sensitized stock has the favorable 
feature of rendering the sensitized film more durable and more permanent 
over a period of years, which renders records more legible and durable rather 
than deteriorates them. This ageing characteristic is conspicuous only after a 
period of 2 or 3 years and is not such as to show a decrease in the normal 
sensitivity during the period of use, which is generally within a year or two 
from the date of manufacture. 

STYLOGRAPH makes possible the use of fine points which will make 
very much finer lines than pens. This makes possible registration of lines in 
much greater proximity than is possible with pen and ink while retaining the 
legibility of such fine lines which under ink action would become indis- 
tinguishable through the capillary action or spread of the ink in the paper. 


For Further Information Write to Stylograph Corporation, Scottsville Rd., Rochester, N. Y 
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All Industry 


turns to the 
Microscope 


The microscope is the symbol of the 

introduction of precision methods 

into manufacturing. In most in- 

stances it is the basis of the equip- 

ment in the control laboratory. 

The microscope tells of unseen 

flaws . . . gives indisputable evi- 

Microscope FFS dence of structure or strain... is 

often the best means for identifica- 

tion of materials... is the instrument of examination and 
precision inspection. 


Bausch & Lomb Microscope FFS is a laboratory instrument 
having a range of magnifications from 20X to approximately 
1000X. Its optical equipment consists of 5X and 10X huy- 
genian eyepieces, divisible low power of objective giving 4X 
and 10X magnifications, a 43X objective having long working 
distance, a 97X oil immersion objective, and a divisible Abbe 
condenser. 


Write for literature describing the FFS. 


BAUSCH & LOMB OPTICAL CO. 
615 St. Paul Street « » Rochester, N. Y. 
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Makers of Orthogon Eyeglass Lenses for Better Vision 
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THERMO COUPLES in VACUO 


FOR USE WITH 


RAWSON 


MILLIVOLT and MICROAMMETERS 





Suitable for measurement of AC currents 
of any frequency including Radio Fre- 
quencies. 


Can be calibrated on DC reading from 
.0001 amp. to 1 amp. Thermo couples in 
air up to 10 amp. 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 


Branch Office: Mid-Western Representative 
91 Seventh Avenue EARL N. WEBRER 
New York City Daily News Bldg., C’:icago, Il. 


Also Manufacturers of DC Multimeters, and AC or DC Thermal Multimeters 
Microammeters, Milliammeters and Ammeters, Microvoltmeters, Milli 
voltmeters, and Voltmeters, Cable Testers, Timers, Earth Current 
Meters, Fluxmeters, Thermo Junctions, Electrostatic 
Voltmeters, Wattmeters, etc. 


Write for bulletins. 
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these hands “a in your sal 


Your spoil pile is only the more tangible evidence of 


the losses you take because human hands and eyes 
govern your process heating. 
Many hidden profit leaks—fuel waste, excessiv: 
supervision, mounting shop costs and 1 diminishing 
Motor - sales due to lack of uniformity—are also chargeablk 
y sacle > to old-fashioned methods of controlling furnaces, 
kilns, vats and ovens. 

Many industries are cutting costs and at the same 
time establishing increased uniformity with Minne 
apolis-Honeywell automatic control systems. This 
equipment includes motorized valves which govern 
temperatures or pressures by controlling the flow of 
air, water, gas, oil or steam. These valves operate 
through Minneapolis-Honeywell regulators or any 
controlling pyrometer. 

Our experienced industrial representative will 
gladly call. Use the coupon. 
MINNEAPOLIS-HONEY WELL 

INDUSTRIAL REGULATORS 


MINNEAPOLIS-HONEYWELL REGULATOR COMPAN 
2735 Fourth Ave., S Minneay Mint 
Ava sapolis-Hone Regulator 
New York, 





Temperature 
yntroller 


Relay for the control of 
ectric heaters, and of 

motor valves of large oil 
w gas fired furnaces 


MINNEAPOLIS-HONEY WELL REGULATOR COMPANY 
738 Fourth Ave., So., Minneapolis, Minn. 
‘Send me pamphlet on Industrial Pr cess Regulate 
Send me pamphlet on Unit He ind Sectiona 


Have re icmetatative call. I un hepsten i there is 1 
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For Carbon Steel 
Tools at 


MUELLER BRASS CO. 


Circular dies, punches, cutting and 
milling tools, piercing and forming 
tools, etc., are Hump Hardened at 
the Mueller Brass Co., Port Huron, 
Mich. 


The Hump Method eliminates guess 
work. The heat treater knows by 
watching the chart just when the 
critical is reached, and he knows ex- 
actly how far above the critical he 
should quench. The Hump Method 
helps the hardener to secure an ex- 
ceptionally high degree of tool qual- 
ity and long average life of tool 
service. 


Catalog No. 90-I gives complete de- 
tails of the Hump Method and Equip- 
ment and the results secured. If you 
have a heat treating department we'd 
like to send you a copy of this catalog. 


Hardener operating one of the 
of three Hump Method Har 
Furnaces used by t ] 


Co., Port Huron, M 
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LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 
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SPEEDY - EASY - RELIABLE 
is the New Method 


For SULFATE ANALYSIS 


with the 


BURGESS-PARR 


TURBIDIMETER 


(PATENT APPLIED FOR) 








Above: photograph showing method of opera- 
tion. Left and right: descriptive illustration of 
turbidimeter showing construction and mechan- 
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Use the turbidimetric method for sulfate determinations and 
avoid the tedious filtration, drying and weighing of pre- 
cipitates. The Burgess-Parr Turbidimeter offers speed and 
simplicity for sulfate and other turbidimetric analyses. 
Your Laboratory Supply Dealer has it in stock. 
Write forjfurther information. 


BURGESS-PARR COMPANY 


DIVISION OF C.F BURGESS LABORATORIES INC. 
Ill WEST MONRAGE STREET 
CHICAGA, ILLINAIS 
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RELAYS. Types CO and CR relays ar KVA DEMAND METER. Bulletin 
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FOR YOUR 


INSTRUMENT PROTECTION 


An extremely quick-acting, accurate line of fuses for 
protection of galvanometers, milliameters and all deli- 
cate equipment. Littelfuses come in the following 
ings and prices: 1/100, 1/32, 1/16 amp.—20¢.; 1/8, | 
3/8, 1/2 amps—15¢.; 1 and 2 amps.—10¢. Blowing point 
about 20° above rating. load should not exceed 50 
of rating. 

LITTLEFUSE and RENEWABLE HIGH VOLTAGE LITTELFUSES are also 
MOUNTING made with the above characteristics and ratings, to oper- 
Quicker than a ate on 1000, 5000, and 10,000 volts. List prices 35¢. to 
Short-Circuit”’ $1.00. 

Send in your order or request for catalog today; tomorrow—you may forget 
LITTELFUSE LABORATORIES 
1774 Wilson Ave. Chicago, Hl. 
————— 
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Aggregate $519,691,351 in First Ten Months; potentiometer pyrometer wl 
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Gas Wells Become Tanks for Steel Firm; Leeds & Northrup Co 4901 Stent 
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dustrial Customers, Pittsburgh Equitable 
Meter Co., 400 Lexington Ave., Pittsburgh, Pa. 40 YEARS OF INDUSTRIAL 
POLISHING MACHINE. A circular di This booklet is the first piece of i 
scribing a metallographic polishing machine literature gotten out by Tagliab 
which is easy to operate. It enables the oper in 162 years, It describes and il 
ator to change polishing disks quickly and easily waveneaes departments and the instrument 
by merely lifting one disk from the motor shaft therein. C. J. Tagliabue Manufact 
and substituting another. The Cincinnati Park & Nostrand Aves., Brooklyn 
Electrical Tool Co., Madison & Edwards Rds., EXPERIMENTER. The Januar 
Cincinnati, Ohio. sue of this publication contains an 
MICROSCOPE. Pamphlet No. 1180 de Robert F. Field, entitled, Field 
scribes the new Binocular Research Microscope Measurements.’” General Radio ( 
used ‘for convenience and comfort during Cambridge A., Mass. 
continued observation. E. Leitz, Inc., 60 MEASURING INSTRUMENTS, LAMPS 
East 10th St., New York, N. Y. FREQUENCY METERS. Bulletins » 
DRIVE UNITS. A circular describing the 1275 and 1280-P contains descriptions 
drive units available, like the control of which various instruments. James G. B 
they are a part, for use on any type of fan 1211 Arch St., Philadelphia, Pa 
damper, fuel-feeder, etc. Leeds & Northrup LABOR SAVING. A _ circular « 
Co., 4901 Stenton Ave., Philadelphia, Pa. “‘Reducing Labor Losses in Modern I: 
OHMMETER. Bulletin No. 11 describes Plants."’ Esterline-Angus Co., Indi 
direct current volt-ohmmeter used for con Ind. 
tinuity testing, or for reading voltages up to PROTECTIVE RELAYS. AnS8&8 pa 
600 volts, direct current. Roller Smith Co. book entitled “‘Silent Sentinels’’ with i 
233 Broadway, New York, N. Y. tions and descriptions of protective 1 
INSULATION TESTER. Bulletin 1280-S A-C and D-C Systems. Westinghou 
describes a ‘“‘Super-Meg”’ insulation tester for & Mfg. Co., Newark, N. J. 
testing transformers, bushing, insulators, et« INSTRUMENTS. Catalog 211 
and high-tension equipment having insulation 186 illustrated and descriptive page 
resistance higher than 200 megohms. James ments, relays and electronic devices 
G. Biddle Co., 1211 Arch St., Philadelphia, Pa house Electric & Mfg. Co., Newark, 


“@ilnor” Pyro Prod pn 
(Portable Py ade ter) Xy 23:5 


The Pyro Prod is an extremely handy, yet 
sturdy, self-contained portable pyrometer. 

It is ideal for molten soft metals and general 
temperature measuring up to 1200°F. 

Almost instant readings are obtained as the 
bare thermo-couple is inserted directly into 
the molten metal or heat zone. 


Write for descriptive bulletin 


ILLINOIS TESTING LABORATORIES, Ince. 
145 W. Austin Avenue Chicago, Il., U. S. A. 
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EDITORIAL COMMENT 


New Instruments—Quantity, Quality and Quickness 

The troublous, critical year 1930 has passed into history, but the feeling 
of tightness and tenseness which characterized that period is still with every 
engineer, every laboratory technician—as well, indeed, as with every 
business man and every paterfamilias. 

Historians will now proceed to collect, arrange, and interpret. Their 
searchlight will as usual play on the major industries, and undoubtedly will 
pass over the instrument industry. Their attention will dwell on the 
larger phenomena, and undoubtedly will pass up Instrumentation. 

Wherefore the duty incumbs on this magazine to point out one item of 
good that was blown by an otherwise ill wind. We refer to the good that 
was accomplished by the Instrument Industry. 

It is as yet tooe arly to integrate the recent progress in all its ramifications. 
Time's perspective is needed. But we cannot refrain from jotting down 
three significant facts which have Keni themselves to the editor's atten 
tion. These facts have to do with the remarkable number of new instru’ 
ments developed by the instrument industry in 1930, with the improvements 
in quality noticeable in most of the new instruments, and with the rapidity 
with which scientific discoveries were translated into practical forms during 
that period . . . Quantity, quality and quickness. 

As to qué mathe At no time did the mail bring the editor a greater 
volume of manufacturers’ announcements of new instruments, than in the 
closing months of 1930. Our readers may have noticed that our February 
New Instruments section contained no fewer than thirty-eight separate 
items. In this month's issue we have fifteen. 

As to quality—The outstanding fact, in our opinion, is that many manu- 
facturers have adopted the practice of stating specific figures of limits of 
error, tolerances, applicability, service life, frequency of adjustments, etc. 
In every case these data are not only much more satisf: ictory than the old- 
time advertising language, but they indicate a degree of excellence far 
beyond the normal requirements of users. In other words the quality of the 
newer instruments is so much higher than the minimum demands of science, 
industry and education, that manufacturers feel perfectly safe in laying 
down all cards. 

As to quickness—we shall report only one incident, but it is nothing 
short of dramatic: The same mail that brought us the scientific calculations 
recently worked out by a group of research specialists in creating a new 
instrument also brought us a manufacturer’s announcement of such an 
instrument in its industrial form! Incredible? Perhaps it may be to some, 
but it nevertheless is true. Here are the two pieces of evidence: 

(1) In the February number of The Review of Scientific Instruments 
appears a paper by A. W. Simon, L. C. Kron, C. H. Watson and H. Ray’ 
mond (see our Current Literature Review section) on a new principle of 
recording the concentration of dust or smoke particles—the use of a light- 
source and a thermopile. This combination, as used for that purpose, is new. 
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2) Leeds & Northrup Circular 6591-G entitled “Announcing tl 
L & N Smoke Recorder” (See New Instruments Section). 

“Believe it or not” as Ripley says, these two items came —as w 
tioned—1in the same mail. 

That is to say, American alertness and enterprise, instead of relax 
the year of depression, were intensified—at least in the instrument it 

to such an extent that the same time required for the appearance 
approved ofhcial scientific paper in the columns of our esteemed cor 
porary The Review of Scientific Instruments was required by a wide 
manufacturer to bring out the industrial instrument itself. 

We believe that such an achievement is on a par with the product 
the Liberty Motor and other miracles of war-time speeding-up. 

We not only believe, but we know, that this is typical of the attitud 
the entire American instrument industry throughout the fighting 
of 1930. 

And we are confident that this “war time” alertness will not suffer 
decline now that prosperity is hastening back. 


We Lose Mr. Schroder. 


Few are the men, and fortunate, who can so dovetail their time as to fill 
two jobs well. When both jobs require a great deal of both time and effort, 
then it comes down to whether health will hold out. Mr. Arthur Schr 
made an enthusiastic and successful start on “The Handbook of Lab 
Instruments and Apparatus” without neglecting his duties as Direct 
Technical Service of the Fisher Scientific Company, but it became nece: 
sary for him to give up either his regular job or the preparation of the | 


Ne DOOK 


rotor 
MadlOl 


We regretfully bow to the inevitable; but assure our readers that the 
serial publication of the laboratory instruments handbook so well begun by 
Mr. Schroder will be resumed beginning with the next issue. Our readers 
will no doubt share our regret at losing Mr. Schroder and join us in wishing 
him continued and even greater success in his regular work, which has 
already attracted many favorable comments. 


Instrument Springs and Diaphragms 
The article on this subject by our engineering editor, on page 173 of t! 
issue, was written as part of the chapter on Pressure Measuring Instrument 
in his Handbook; but we decided to print it under a separate heading 11 
order to attract to it the attention that it deserves. It contains a numbet 
surprising statements but they are thoroughly substantiated, for Mr. Be 
spared no effort, in the last few months, to gather his evidence. It 1s 
prising, for example, that instrument manufacturers should admit 
lack of information on certain elastic and inelastic properties of certair 
important instrument parts; but this is explained by the fact that n 
has quite successfully “isolated” these elusive properties and studied t 
in various spring materials and in variously shaped specimens, each by itself 
without the influence of other properties. It is now known that there 
a number of these properties—so great a number that the text-books 
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wnics and on materials must be revised. The managing editor, who 1s 
.turer in metallurgy at the Carnegie Institute of Technology and editor 
f MerALs & AxLoys, respectfully recommends to instrument manufacturers 
| to all those interested in the improvement of instruments that depend 
n springs and diaphragms, that they should not only take a lively interest 
the investigations mentioned in Mr. Béhar’s compilation and submit 
specimens to the research groups (as some are doing), but that they should 
undertake specific research projects coordinated with the major investiga 
tions under way. That the results would be of practical benefit is shown 
he example cited by Mr. Béhar, of the amazing improvement recently 
made in the accuracy of some aneroid instruments, by reducing the hy 
teresis effects through the application of lessons taught by Research. 
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Author of Instrument Book Receives A.S.M.E. Honor 





At the recent Annual Meeting of the 
American Society of Mechanical Engineers 
the Melville Medal was presented to Pro- 


fessor Herman Diederichs and to William 


D Pomeroy as co-authors of the paper on 

The Occurence and Elimination of Surges 
from Oscillating Pressures in Discharge Lines 
from Reciprocating Pumps.” The Melville 
Medal, established in 1914 by the bequest 
of Rear-Admiral George W. Melville, honer’ 


ary member and past-president of the Society, 





is for an original paper or thesis of exception- 
| merit. Proiessor Diederichs 1s Director 
f the Department of Experimental Engineer- 
ng in the Sibley School of.-Mechanical 
Engineering at Cornell-University and will 
be remembered by the readers of INSTRU- 
MENTS as co-author (with Associate 
Professor William C. Andrae) of “Engineer- 
ing Instruments’ which was reviewed in 
yur September issue and which is the most 
complete book on this subject that has ever 


been published 
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Ew BeirRAG ZUR DYANMISCHEN UNTERSUCHUNG VON BRUECKEN. H. Marnet. 
Doctor-Engineer thesis. Technische Hochschule Darmstadt. Feb. 
1928. Paper, 6 x 8% inches, 57 pages. 


By the use of an unbalanced mass, at varying speeds, rotating and acting on a beam through a spring, and 
ical methods of measurement of the vibrations set up, the resonant frequ es of al 
nded in different ways, and loaded with various loads was studied in the laborat 
Similar measurements were made on a bridge over the Main at Klein-Anh 
t and the rotating unbalanced mass was driven by a portable gasoline engine, dynam 
lations indicated that the bridge would have a natural period of vibration of 315 per mit 
th a load of 660 Ibs. the period was 336 per minute, and with one of 41,500 Ibs., 302.5 p 
stants are hgured from these values. It was concluded that the method was satisfactory for 
and that it could readily be refined to give a precision of 1%.—H. W. Gillett. 
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HANp- UND HiLrspucH zUR AUSFUEHRUNG PHyYsIKOCHEMISCHER M; 
By C. Drucker. 5th Edition of the Ostwald-Luther Handbook. Akad 
mische Verlagsgesellschaft, Leipzig, 1931. Cloth 6 x 91% inches, 97 
pages. Price 52 RM. 

d has been used by many generat 


s have wae revised and expanded 
and a group of able collaborators, the chief addition is in regard to the use of electron tubes. 





yurth edition came 





devices for physicochemical measurements ar 
plicated ones, and in fact, are often more simple an 
daberent from 9 oy old Ostwald-Luther the reviewer us 





Drucker points out that n 
Jescription and use as some 


Hence a large part of the book is not essential 





de that a detailed coverage would be out of the question. Druck 
ith the simpler types of apparatus rather than to cover highly refin 

ref es are given, through whicn more detailed information can be f 

ver such ap par atus as is required in undergraduate laborat 

physicochemical measuremer er than in advanced research work. In the treatment of calorin 

static control, high vacua, and ratory electric furnaces, for example, necessary details on special 
sary for refined work may be traced only through the footnote references, if at all. The type of eq 
chiefly by the glass blower is rather thoroughly dealt with, but mechanical and electrical equipment suct 
graphs, oscillograpns, potentiometer controllers, etc., scarcely receives mention. The physical cnen 
aqueous so lutions \ will find a great deal of value in the book. The physical metallurgist I 
but will not find information on a very large proportion of the types of measuring equipment he needs f 
work. A notable exception is, however, the fact that the elements of X-ray spectrography are discussed 


The field covered is so very 
chosen to deal with principles an 
ized equipment. Fairly full 
whole the handbook seems 
























1 find sor 





Within its limitations, the volume is a very valuable handbook.—H. W. Gillett. 


HANpsucH Der WIssENSCHAFTLICHEN UND ANGEWANDTEN PHOTOGRA 
Edited by Alfred Hay. Vol. VIII. Farbenphotographie, L Grebe 
A. Huebl, E. J. Wall. Verlag von Julius Springer, Vienna, 1929. Pa 
7x9'4 inches. Price 24 R.M. 


In spite of its seeming remoteness from the field of measuring technique this vol lume on color phot 
concludes the series of treatises on scientific and applied photography as the eighth volume, contains much 
mM measurements which lie, of course, entirely in tne field of optics. It is interwoven in a masterly clear 
concise treatment of light and color; subjective and ob jective impressions of light, the func tioning of the ey 
ness, sharpness; the different spectrums, spectroscopy, color mixtures, color geometry, all is treated in ar 
nary lucid manner, especially the mathematics of the subject which are 2 alwaye ke pt ve nple. F 
technician the description of photometers, spectroscopes, testing arrangements for the comparison of c 
detinition of body colors by the fundamental colors will be especially interesting. 






y sir 





The greatest part of the book, almost half of it, is devoted to the third part, practical color phot 
by the late E. J. Wa!l of Wollaston, Mass. Color filters, sensibilizatic m, the different processes of color r 
are fully described and recipes for developers, sensitizers, baths, etc. are profusely given. Bibli 
page geen patents pertaining to the subject make this t 200k as complete as can be desired. If t 








that apparently lack of funds did not permit the reproduction in colors of the spectrum tables wh 
yienen state of the art, would have certainly enhance Li its value But nevertheless, this comps 
standard handbook for all workers in this field for a long time to come.—Max Hartenheim 


SroraGE Batteries. George Wood Vinal. John Wiley & Sons, Inc., N 
York, 2nd edition, 1930. Cloth, 614x91% inches, 427 pages. Price $5.0 


The storage-battery industry and those concerned with storage batteries are particularly fortunat 
this volume available for reference. The second edition is a worthy successor to the first, whi h appear 
In general, the plan and scope are practically the same as that of the first edition. The text has been s 
vised and brought up to date, some further experimental work has been included, and a few additiona 
have been added. The book is a very satisfactory description of the present status of storage batteries. T 
mention of new principles or possible future developments. 





Much of the “mage matter has been provided by the studies carried on by tae author at the Bureau of St 
He has shown a keen appreciation of the practical side of battery construction, use, and testing, and has 
enough theory to allow i an intelligent discussion and understanding of his subject. This book would se 
well as a text for tue student, a reference for the battery chemist or engineer, or as a manual for the batt 
station and ultimate users. A good bibliography is included. 





Most of the book is devoted to the discussion of the lead-acid storage battery, although due mention is ma 
the Edison cell, its construction and cnaracterisitcs. A complete description of the acid type battery is given 
starting with the raw materials and including a careful definition of all terms and parts, a general discussion of 
-date manufacturing methods, and much valuable information in regard to battery characteristics, meth t 
and present-day uses. In addition there is a brief but sufficient and clear description of the theory and cher 
electrochemical characteristics of a storage battery, as well as a wealth of pertinent information in the forn 
and graphs. Special mention should be made of the author's work on battery testing. This w ork sh 








unc oe of the factors which influence battery value and which, if more generally appreciated, would 

favor of the better brands of storage batteries available in this country today. 1 
Since no claim aas been made as to the finality of statements and figures, there is no cause to critici f 

upon which there may be some difference of opinion. It is certain in any case that figures and curves 

good average values. The book is highly recommended.—C. C. Rose (Reprinted from Industrial & Eng g 


Chenkers, July 1930.) 
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: — Pressure Measuring Instruments 
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ELASTIC DEFORMATION 

Section 9. Springs, Diaphragms, etc., and Their Properties 17 
Section 10. Bourdon and other Tube Gages 143 
Section 11. Diaphragms Bellows, etc 150 
Section 12. Spring-loaded Membrane Forms 155 
Section 13. Aneroid Barometers and Capsular Spring Gages 158 
Section 14. Other Elasticcmember Forms 164 
Section 15. Specifying, Testing and Adjusting ~—- member Gages . 164 


Section 16. Miscellaneous Industrial Features and / ssories 
ELECTRICAL 
Section 17. Electrical Resistance, Piezoelectric, etc | 
SPECIAL HIGH-VACUUM INSTRUMENTS { 
Section 18. Special High-vacuum Instruments 


9, Springs, Diaphragms, etc. and Their Properties 


Printed as a separate article. See page 173 this issue 


10. Bourdon and Other Tube-spring Gages 


This Section is descriptive. For principal characteristics see Tab le $ = XVII, XVIII and XIX. For ope ifica- 
tions, tests, adjustments, etc. see Section 15. For calibration methods see Section 2 For industrial accessories, 
features, etc. see Section 16. For properties of elastic members alone, see ‘Sectic n9. For classification « f errors of 
an elastic-member instrument as a whole see Section 13, heading (e). 








This is the most important class of industrial pressure measuring instru 
ments. It comprises all gages the primary element of which is a bent or 
coiled tube-spring of flattened cross-section. (This class comprises also the 
double-tube Bourdon gages.) To explain the principle would be an affront 
to our readers’ intelligence; but on the other hand, to print even a summary 
of the mathematical treatment would mean too great a departure from the 
practical: it is believed that fewer than a dozen men in the U. S. have 
found it necessary to use the formidable formulas of Lorenz and other 
theoretical investigators. We even believe that the good old cut-and-dry 

ew method (plus Yankee ingenuity and minus the aid of higher mathematics) 
0 has determined the size and shape of 99% of the pressure-tube springs in 
the excellent gages on the American market. 
2 Spiral and helical tube-springs differ only from the Bourdon tube in that 
od while the latter makes part of one turn, the former have several complete 
turns so that, other things being equal, their free ends move over a greater 
distance in response to the same pressure increment or decrement. Another 
difference is that the connecting link need not be located at the end of the 
- we €—Sé last turn but at any suitable place. This is quite an advantage in the case 
of recorders which have to be so calibrated at the factory that they will be 
accurate over the printed scales of interchangeable renewable charts. (But 
see how this can be done with a part-turn or ordinary Bourdon tube, in 
Fig. 302.) 

The tube-spring gage is probably the pioneer and king of all industrial 
instruments—the simplest and most necessary, the humblest in some 
tespects but the most important in many ways, and the mainstay of engineer 
ing since the dawn of the railroad and power age. 










“Engineering Editor 
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93. 


(a) Styles and Graduations 

How many engineers are acquainted with the immense variety of elastic 
tube gages on the market? Perhaps some of those with consulting engineer 
firms or public service corporations, whose duty it is to specify gages for 


clients or subsidiaries and whose desks are piled high with instrument 
catalogs. Perhaps only some of those on the recently created gage standard 

ization committee. A few notes, and illustrations, may serve to show what 
. variety is available, and to suggest ideas for specifying the appropriate 
gage for a given purpose. 

Sizes —By “‘size’’ is meant, in most catalogs, the dial diameter, the round 
chart nominal or actual size, or the full width of a strip-chart. Pending 
standardization we refrain (out of deference to the committee) from printing 
here a list of the present sizes, but it can be said that such a list would show 
unnecessary near-duplications, i.e., unnecessarily small differences between 
ne size and the next larger and next smaller. These will no doubt be 
voluntarily eliminated. Few makers put out miniature tube-spring gages, 
ind few make tube gages with dials smaller than 314 inches. Miniature 
and small gages on the American market are mostly of the diaphragm class 
The largest regular stock sizes of most makers are 12 to 16 inches, but giant 
illuminated “master” gages (of attractive appearance) are so frequently 
made up for boiler rooms that they may almost be called “standard,” only 
the ornamental brackets being special architectural features. 

On all industrial process applications where pressure is an important 
condition, it is false economy to specify gages so small that the operating 
men must walk over to read them closely. A large gage bears witness to 
the fact that the management considers pressure important; it saves steps; 
it can be read by men with subnormal eyesight, and it generally proves a 
wise investment. 

“Styles —The usual style of scale subtends five-sixths of a full circle and 
is known as a 300-degree scale. Full-circle scales are seldom available. 
Obviously, the nearer the scale arc approaches a full circle, the longer will 
the scale be—the radius remaining the same. Obviously, tco, increasing 
the radius by placing the figures on the inside and the divisions close to the 
edge of the dial (or close to the edge of the glazed opening) will also increase 
the scale length and hence the ease of reading. It so happens that most 
miniature gages have quadrant scales on their dials (Fig. 299) so that close 
reading is impossible. These are not really “indicating-measuring™ instru 
ments, however, but mere “indicators” which are neither designed not 
expected to measure accurately beyond “too low” “normal” and “too high,” 
where “normal” is anywhere between 40 and 60 percent of the scale range 
At the other extreme we have the inspectors’ and test gages with hand 
graduated finely-divided 300° or 320° scales, needle-tip pointers traveling 
close to the surface of the dials, and other features suggesting a precision 
which their actual performance bears out splendidly—-when they are not 
abused. 

An idea of the variety of gage styles is conveyed by the group of eleven 
illustrations, Figs. 288 to 298—all taken from the catalog of one average 
American gage maker. (For almost every industrial purpose there are 
offered several makes and numerous models.) 

The top row, for example, shows three different compound gages. Note 
their points of dissimilarity: The two gages, Figs. 288 and 289, have 
movements providing in each case uniform pointer travel for uniform pres 
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sure increments, while Fig. 290 shows a gage with a movement that reta; 
the pointer at both ends of the scale. The absolute ranges of these thr 
gages are 0 to 75, 0 to 30 and 0 to 45 |b absolute but the dials are s 

that when the pressure inside the spring equals that on the outsi 
pointers read zero. The vacuum graduations, being as usual in in 
mercury, are almost exactly twice as close together as the pound 
graduations (since 1 lb per sq. in. — 2.0367 in. Hg.) Note also that i: 
290, there are sixteen divisions between the figures on the pound 
scale up to 5, so that this part of the scale is graduated in “pounds an 
ounces gage.’ Similarly the 0-5 lb portion of the scale in Fig. 291 is divide 
into eights, that is to say 2-oz. divisions. (Usually, pounds gage are di 
decimally.) 

There are on the market numerous gages scaled in pressure units and 
equivalents for temperature, altitude of water, etc. Fig. 292 shows what 
is usually called a “pyrometer steam gage’ although, of course, 
temperatures are generally well within the range of thermometers and below 
the usual pyrometer ranges. Altitude gages, most commonly used { 
water heating systems, stand pipes, tanks, etc., are optionally graduated i1 
feet of water only, or in pounds gage and equivalent feet, as is the case wit! 
the gage portion of the combination instrument illustrated in Fig 
which is especially designed for hot water boiler installations. 


Another sort of combination instrument is shown in Fig. 295. It is 
known as a “Duplex” gage and finds its most widespread use on air br 
systems. A duplex gage consists of two independent gage movements 


usually of equal range, reading on the same dial. 


Still another combination instrument is shown in Fig. 296. It combines 


an indicating and a recording gage and comes in three sizes, the chart di 
meters being 6%4-in., 8)4-in., and 10-in. 


(b) Construction 

Reference is made to the internal construction. In the indicating gages 
this is generally divided into three main parts: (1) the socket; (2) the tube 
and (3) the-movement. The author personally prefers the constructiot 
consisting of a massive socket (also called ““stem”™) in which one end of the 
tube (or tubes) is imbedded permanently and which also supports the 
movement. With such a design the movement is entirely independent 
the case. There are, of course, good grades of tube gages in which the 
movement is supported by the back of the case, but with such gages the 
possibility always exists of external strains affecting the accuracy. Th 
argument that since the graduated dial is generally fastened to the case, it 
is good design to fasten the movement to the case, does not impress the 
author in the least, for the reason that the angular component of relativ: 
motion of case-supported dial and socket-supported movement is alw 
very slight, while relative motion of socket-supported spring and case 
supported movement is multiplied and shows up as an error of indication 
In the ideal construction the socket not only supports the tube and n 
ment but also positions the dial, so that external strains, while they 1 
flex the dial, cannot possibly rotate it and cause errors of indication. 

In most respects Fig. 300 is the “typical” indicating Bourdon gage 
struction with socketsupported movement. Note, however, that th 
movement itself can be adjustably positioned, which is an unusual feature, 
the object of which is to make the gage rate adjustable. This subject of 
rate adjustment is discussed in Section 15, heading (c). 
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Fig. 300 Fig. 301 
0.) 


(Consolidated Ashcroft Hancock C (Esterline Angus Cc 


The usual arrangement of the two Bourdon springs in a double-tube 
indicating gage is shown in Fig. 301. Note that while one tube is longer 
than the other, it is neither exactly twice as long nor of any other proportion 
such that its natural period of vibration will be harmonic with that of the 
shorter tube at any frequency likely to be met in service. Thus a double 
tube gage can usually withstand severe vibrations regardless of frequency. 

The remaining illustrations, Figs. 302 to 307, bring out interesting con 
struction features of recording gages: Fig. 302 a Bourdon form, Fig. 306 
a spiral and the other four various helical forms of tubes. 

Bourdon tube recorders are only available for high pressures, other 
pressure elements being more advantageous in practice for recording low 
pressures, vacuum, and particularly draft. Pen friction is one obvious reason. 

In Fig. 302 note the adjustable connection for conveying the deflection 
of the tube to the pen arm from anywhere within about 114 inch of the free 
end in order to make the gage rate uniform over a uniformly divided printed 
chart. Note also the vertical axis—this unit goes into the back of a strip- 
chart recorder like that shown in Fig. 313. 

Fig. 303 shows a recording gage movement featuring a welded steel 
helical spring and a light but rigid phosphor bronze wire link made with a 
special bend on each end which forms a three-point bearing eliminating 
lost motion and minimizing wear. 

The recording gage pressure-measuring element shown in Fig. 304 
features a pen-arm rigidly fastened to the helical tube and represents the 
utmost simplicity to be found in high-grade instruments. This type of 
pressure unit is for service between 8 lb and 12,000 Ib. 

Fig. 305 shows a “magnified vacuum scale” type of recording gage pres- 
sure unit and is also of very simple construction, practically the same as 
Fig. 304 of the low range type, but it is restrained by a helical spring which 
gives a suppressed scale for the high ranges. This feature makes it possible 
to have a vacuum scale extending over a greater portion of the chart than 
could be obtained with other arrangements. It is specially desirable for 
use where wide open reading of vacuum scale is necessary without sacrific- 
ing sensitivity. 
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306 is a photograph of a portion of a recording pressure gage which 
; in the pressure unit—-a spiral tube unit. Among the features of this 
gn and construction are (1) a unique center-acting form of spring, and 
bimetallic compensator for temperature fluctuations affecting the 
See also description of Fig. 82 in the chapter on Temperature 
(As a matter of fact the two photographs from which Figs. 
306 were made are exact duplicates. A pressure-spring recording 
wintamanet is essentially a pressure recorder and many of the remarks 
made in Chapter VII apply equally here.) 

Fig. 307 shows plainly the method of locating the connection on the 
helical spring, also a unique method of easily changing the effective length 
of helix (see knob, pinion and sector). The helical tube shown is made of 
phosy shor bronze i will stand a considerable overload without damage. 
It is also said by the maker that even in the case of a permanent error caused 
by an overload greater than 30%, the instrument may be successfully re 

librated. ““With the usual helix, however, the overload will have done 

semmenett damage and the helix will continue to yield and continually 

ead lower and lower, since the error cannot be compensated for.” We 
may assert, nevertheless, that with recent improvements the “usual 
helical springs of practically all high-grade gages are unimpaired by loads in 
considerable excess of their scale ranges. 


c) Tubes 


Tubes are made of special alloys, mostly according to gage makers’ speciti- 
cations, sometimes according to large users’ specifications. It seems best 
to leave this entirely up to the makers, because the desired elastic and 
endurance properties depend not only on percentages of elements in an 
illoy but on its treatment. In spite of the scarcity of exact and formulated 
knowledge of elastic, “fatigue, temperature and corrosion properties; 
decades of experience have taught the gage makers more kinks than users 
imagine: the author knows of tubes subjected by an instrument maker to 
secret processes that metallurgists had declared “impossible,” with results 
in tube spring performance that could not be attained by following a large 
purchaser's detailed specifications—even if such purchaser were to be the 
U.S. government. The way things are now, seems necessary, but 
when patents and formulas are pooled, all Bourd. m and other tubes will be 
good; some of course will be superlatively excellent but none will be poor; 


and the element of luck will oes been largely eliminated. 


(d) A. S. M. E. Initiates Gage Standardization 


In December 1930, the organization meeting of the Sectional Committee 
on the Standardization of Pressure and Vacuum Gages (sole A. S. M. E. 
sponsorship), was held in New York with an attendance of 23 members 
representing 21 organizations. This committee will undertake the stand 
ardization of the indicating type of pressure, vacuum, and compound gages, 
nomenclature and definitions, requirements of accuracy, methods of express 
ing accuracy; methods of testing, specifications; rules for installation and 
use; gage sizes and mounting dimensions; connections and gage cocks, size, 
etc.; Capacity ratings and ranges; continuous working c: apacity; graduation, 


markings, and space for trade mark and name plate, etc.; indicator hands, 


bushings, and micrometer adjustment; stop pins; and bezel rings and 


their attachment. 
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dl es IX, XVIII and XIX. For 
~* For industrial accessor 


For classification of errors of 


instrument as a whole see ‘Sect ion 13, beading (e e). 


This class comprises a great variety of forms of pressure me 
elements, which divide themselves along two lines: 

One classification is into (a) elastic diaphragms and bellows not s 
mented by springs, and (b) highly flexible diaphragms and bellows su 
mented by springs. This latter group tapers off into the class cove 
Section 12, namely the membrane or loaded slack leather instrument 

Another classification is. into (a) diaphragms—flat and corrugate 
(b) bellows. Under diaphragms we will not consider here the el 

variously called capsular spring, cell, box, etc., although it really is a d 
di phragm, but on account of its importance we reserve it for Secti 


(a) Diaphragm Gages 

A great deal of the prejudice against the diaphragm gage is bli 
unfounded. One cause of it may be that an elastic-diaphragm gage « 
manufactured inexpensively; whence it comes that the cheapest miniature 
gages on the market (excluding, of course, tire testers, etc., but including 
only dial gages) are diaphragm gages. 

Pacey upness indeed af ppears t to be (at —— a big talking meg of 1 


a se separate albonad spring). This seems to be true of both fl fat a 
rugated diaphragm springs. Except for service below 10-lb gage, accuracy 
and permanence of calibration do not seem to constitute the talking | 
The reasons are probably the following: 

In the case of a flat diaphragm: The actual deflection at the center 
a diaphragm having a diameter about equal to that of the dial cant 
be more than a very small fraction of the pointer travel over the scale 
Otherwise the diaphragm spring would be stressed beyond the range 
permanent accuracy. Thus the diaphragm must be large in relation tot 
dial of the instrument; and obviously it is impractical from a manufacturin 
standpoint to make it larger. Therefore a movement is required providing 
a large factor of multiplication—multiplying both the diaphragm motion 
its deviation from true elastic behavior, not to mention mechanical errors 

(2) In the case of a corrugated diaphragm: A smaller diaphragm may 
course be used but is so happens that of all primary elements used in in 
dustrial instruments, none is more “erratic’’ in its response to the measured 
force than a corrugated diaphragm. Meaning that the theory has not yet 
been worked out in a scientific way. Consequently, the corrugated dia 
phragm is often employed as a flexible or “slack” element in connection 
with a calibrated spring 

This having been set forth, it must now be said that the diaphragm gage 
serves a definite purpose in a definite field that cannot be served by the Bout 
don spring gage: 

For low-pressure service, below 10-lb per sq. in., a good diaphragm gage 
is more accurate and durable than a Bourdon spring gage. For measu 
the pressures of chemicals which would quickly destroy a Bourdon spring, 
nothing has ever been found that is superior to the diaphragm gage: The 
diaphragm may be made of a material to withstand the corrosive action o! 
the chemicals on which it is to be used, or the diaphragm may be protected 
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March, 1931 
by a suitable foil. “Chemical Gages” (Schaeffer system) for service up to 
300-lb gage are covered by the same guarantee (accurate to within 19% of 
scale range, etc.) as the Bourdon gages of the same make, in the latest catalog 
of the largest manufacturer of such instruments. 

As to accuracy: Greater care is required in calibrating diaphragm gages 
than is required on Bourdon and other tube-spring gages. The movement 
of the diaphragm is not as uniform as that of a Bourdon or other tube-spring, 
but by hand calibration and hand marking of the dials proper accuracy is 
assured. This applies only to the high-grade gages. 

Even among the cheaper grades, 
recent improvements and better in- 
spection methods have placed on the 
market a number of excellent values 
in the way of small-size quantity 
production diaphragm gages. It must 
be remembered that along with the 
demand for highly accurate pressure 
measurements on important appli- 
cations, there is also an increasing 
number of industrial applications 
where accuracy of pressure measure- 
ment is not called for—applications 
where the major requirement is 
simply to know whether the pres- 
sure is on or off and the minor 
requirement to measure the pressure. 

The best illustration of this is an 
airoperated automatic controller. 

The controlled air line gage can at 

best show a rough indication of the 

extent to which the diaphragm- 

motor valve is open. And to check 5, 308. ( 

this gage it is only necessary to open 

wide the air valve in the controller: 

if the reading of the controlled air line gage then corresponds to that of 
the air inlet gage, the former gage is correct. Both gages may be “off” but 
if they agree under the same pressure, they will do. 

The disadvantages of the diaphragm gage—even if it be of the highest 
grade—are as follows: (1) The diaphragm cannot be subjected to as much 
overpressure as a Bourdon spring. (2) A slight overpressure may cause it 
to take a set. (3) The dial is hand calibrated so that it is practically im 
possible for the user to adjust the gage in the field. (As to the low-grade 
diaphragm gages it generally pays to chuck them away and buy new ones 
when they become too inaccurate). 

Fig. 308 was made for this handbook in March 1931, and therefore shows 
the latest construction of a modern diaphragm gage (indicating, with hand 
calibrated dial). 

In examining a number of photographs sent in by gage manufacturers the 
author could not resist the temptation of juxtaposing two of them, in order 
to show the many fields of application (it is not deemed advisable to say 
“the extremes”) of diaphragm gages. The little gage shown in Fig. 309 
is shown full size; Fig. 310 is about one-fifth actual size. The former is 
an indicator, the latter a recorder. Other comparisons would be indiscreet, 
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but it is interesting to report that seven million of the former are 1n use, 

ding to the maker. Of the latter, a comparatively insignificant numbet 
re in use——but mostly on important industrial applications requiring ac 
curate records of low pressures, around 5 to 100 inches of water. Accord 
ing to our classification, the pressure recorder shown in Fig. 310 is not an 
elastic diaphragm gage but a spring-loaded slack-leather gage, of the class 
dealt with in Section 12. However, the designation “diaphragm gages” is 
ipplied to instruments of this type. In the field of gas meters, similar ele 
ments (though volumetric and not piezometric in purpose) are universally 
called diaphragms. 


To combine perfect sensitivity with absolute freedom from inertial effects, 
in a mechanical pressure recording instrument, is the goal toward which 
designers of engine indicators are striving along well-traveled roads. A 
diferent approach, aiming at the accurate recording of high-frequency 
variations of low pressures, is seen 1n an instrument combining a corrugated 
diaphragm with a “micro-indicator’’ type of recording mechanism. Fig 
310 shows (about one-sixth actual size) a form of this instrument designed 
particularly to record the draft in locomotive smokeboxes, where fluctua 
tions may exceed 1000 per minute. 

The suction produced at each exhaust beat, and the variations between beats, are recorde 
by the action of a spherical-point stylus on a celluloid film. A second stylus, actuated by an 
electro-magnetic timing mechanism, marks a time scale on the g generally tenths of a 
second—or it may be arranged to mark revolutions, in order to identify the exhaust blast 
,as in Fig. 311. This shows a portion of a typical record from a two-cylinder locomo 

The speed at which the film travels past the styius may be adjusted between wide 
imits. The movement of the corrugated diaphragm is constrained by a stiff flat spring and 
the recording stylus is fixed at the end of this spring, so that there is n 
motion. With moving parts thus reduced to a negligible weight in comparison with the 
restraining force, the natural period of the mechanism ts very high 


, ’ 
) need Of a pencil 


Mention may be made of the thin non-metallic unloaded elastic -diaphragm 
gages. These are scientific instruments, however, for the present at least, 
and need not be dealt with here. 


(b) Bellows Gages 

Much of what has been said above concerning diaphragm gages applies 
here and need not be repeated. The bellows is a time-tried pressure 
measuring element and is particularly suited for very low pressures. It 1s 
found in a variety of forms, at one extreme of which the element may be 
considered a series of diaphragms or of capsular springs connected at the 
center, and at the other extreme a corrugated tube or Sylphon. 


Stripchart recorder and round-chart recorder bellows movements, of 
three prominent industrial makes, are represented in the group of illustra 
tions on page 154. Fig. 313 shows a bellows unit (for very low pressure, 
or draft, as is obvious from the diameter of the bellows) in a strip-chart 
recorder. A feature of this design is the division of the instrument case 
into two compartments, the front for the recorder mechanism, chart, etc., 
and the back compartment fot the measuring unit proper. (This is the 
interesting standardized arrangement of all graphic instruments—mostly 
electrical—made by this firm.) Figs. 314 to 316 show bellows units which 
the maker embodies either in round-chart or in strip-chart recorders. Fig. 
314 shows a bellows element applicable to pressures from 4 inches to 12 
inches water. It consists of a series of “hollow metal discs” or capsular 
springs, connected in the center and strapped together on one side. The 
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strap permits side movement only in one direction. This unit is designed 
for mounting in the position shown and is not intended for use in an inverted 
penvarm recorder. Fig. 315 is known as the “knife-edge type” and is 
characterized by the combination of ruggedness and freedom of movement. 
It, too, is designed for mounting in the position shown. Unlike that shown 
in Fig. 314, however, it can be used for measuring either vacuum or low gage 


pressure. 

The “box type” unit, Fig. 316, can be mounted in any position in any 
desired style of recorder. It measures pressures up to 10-lb gage, but is 
not designed for draft or vacuum applications. It consists of a short 
bellows enclosed in a pressure-tight box. Pressure is admitted to the inside 
of the box and outside of the bellows which operates the pen-arm by means 
of a shaft. The movement of the pen-arm is “very positive and records 
clearly even rapid fluctuations . . . The characteristic of this movement is 
dead beat.” 

A series of pairs of stamped phosphor bronze corrugated diaphragms 
makes up the bellows element in the mechanism shown 1n Fig. 317 (whence 
the maker's designation “diaphragm gage” for what is plainly a bellows gage 
to our way of thinking). It is designed for pressures below 30-lb gage or 
for draft or vacuum measurement. An interesting feature is that the 
bellows is mounted on a segment which can be turned by the knob visible 
in the illustration, permitting easy and precise zeroing. 


12. Spring-loaded Membrane Forms 

This Section is descriptive. For principal characteristics see Tables IX, XVII, XVIII and XIX 
tions, tests, adjustments, etc. see Section 15. For calibration methods see Section 2. For industrial acces 
features, etc. see Section 16. For properties of elastic members alone, see Section 9. For classificatior 
in elastic-member instrument as a whole see Section 13, heading (e 

According to the scientific classification of pressure-measuring elements, 
the gages now considered belong with the diaphragm gages dealt with in 
the preceding section. Practically, however, and especially with due 
regard to industrial uses, it is well to segregate them. Diaphragm gages 
are regularly made up for pressures up to 300-lb gage and sometimes higher; 
while the instruments here dealt with are mostly draft gages and are only 
made up for low pressures—seldom greater than 50 inches of water (not 
quite 2lb gage) and never regularly above 100-in. or 4b gage. 

The principle is that of the slack diaphragm absorbing no energy theoreti 
cally (actually absorbing a negligible amount) and merely transmitting the 
force of the draft or pressure to the elasticmember which measures this 
force by its deflection. This permits the use of an elastic-member of any 
desirable form and of any material possessing the required combination of 
static and dynamic physical properties. Phosphor bronze cantilever springs 
are well suitable for the purpose and are employed in the majority of slack 
membrane gages. Research on cantilever springs has proceeded quite far, 
and so have investigations of phosphor bronze, so that the design of this 
comparatively new class is actually on a surer footing than is the design 
of any other elastic-member class. 


As the illustrations show, this class of gage is made up into instruments which on the out’ 
side resemble closely some of the inverted bell draft and low-pressure gages described in Sec- 
tion 8. Naturally there exists a lively and healthy competition. Naturally, too, some en 
gineers may remark that the inverted-bell class, being gravitational, is primary, whereas the 
spring-loaded membrane is a secondary pressure-measuring element. In addition, some en 
gineers might also call attention to the fact that this very Handbook seems to favor inverted 
bell draft gages against the spring-loaded membrane gages because of the accuracy figures 
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The fan-shaped cases can accommodate one or two 
pointer gage having one mechanism on each side. See Fig. 


A new type of case, announced in March, 1931, is shown 


} 
t is 914 in. wide—exactly half the width of the fan-shaped case. 
teresting feature ol 


’ { mac ibsolutely 


this gage is that the cast iron or cast aluminum case can 
i-tight so that by admitting one pressure merely into 

ise, a differential reading is obtained with the standard mechanism 
gage shown in Fig. 324 is of this differential type 


ase is large enough to accommodate two units. An in 


Ld 





Page 158 INSTRUMENTS 





Fig. 325. (Taylor Instru- 
ment Companies 











13. Aneroid Barometers and Capsular Spring Gages 


This Section is descriptive. For principal characteristics see Tables IX, XVII, XVIII and XIX. For specif 
tions, tests, adjustments, etc. see Section 15. For calibration methods see Section 2. For industrial a 
features, etc. see Section 16. For properties of elastic members alone, see Section 9. 


Human lives depend on the indications of aviation instruments; gre 
amounts of labor and money on those of surveying aneroids. Henc 
intense thought devoted to their improvement (especially since the 
by manufacturers, societies and governmental departments. The 
of instruments now considered includes the finest examples of the art 
making commercial instruments and sets a high standard which results i1 
constant parallel improvements in the purely industrial instruments 
some other classes within the elasticmember group. Offcial and semi 
official studies have resulted in extremely enlightening reports. 


(a) Classifications 

In this class of pressure instruments there are two sub-classes 
instruments depending on the deflection of a capsular spring, double 
diaphragm, etc., without external spring; and (2) those embodying « flexible 
box or capsule, whose motion is restrained by a separate carefully calil 
spring. These latter constitute the majority and as a rule perform bett 

Another division of this class is into (1) instruments embodying 
evacuated thin-walled vessel; (2) those in which the measured pressure 1s 
applied inside the capsule; and (3) those of similar general design but capabi 
of measuring differentials across flow meter primary elements, so that atn 
pheric pressure acts neither inside the capsule nor directly on its exterior 


(b) Industrial Barometers 

The well-known “Engine Room” barometer was shown in Fig. 217. It 
is designed especially for gage board mounting, is graduated from 25 to 31 
inches of mercury in fiftieths of an inch and is compensated for tempe 
Fig. 325 shows the “Micro-Barograph” which combines an except 
sensitivefmovement with a high (i.e., wide) chart the scale of which 
6% inches for a range from 28.50 to 31.00 inches of mercury. 


An Exception is Put on Record—Throughout this Handbook there are referenc: 
National Bureau of Standards and to the American Society of Mechanical Engin: 
frequent occurrence of which suggests—and correctly—a leaning toward these two 
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In connection with aneroid barometers it appears that statements made in the already 

ished sections of the A.S.M.E. Power Test Codes do not meet with universal acceptance; 

ind fairness compels giving here extracts from a communication to the author from E °C 
Purton, Meteorological Division, Taylor Instrument Companies: 

“With regard to the statement in the A.S.M.E. Power Test Code, Part 2, Chapter 1, that 
the average barograph ‘is open to suspicion,” we would state that the result of the research 
work ... has enabled us to embody certain changes . . . to a point where we believe good 

barographs will hold their calibration and once the calibration errors are determined, they 
would not need frequent attention. 

“The remark contained in paragraph 16 that ‘at best the temperature correction is un- 
certain.” This correction cannot be found in tables as can the correction for mercurical 
barometers. It must be determined by actual test, but when once made, it cannot be said 
to be ‘uncertain’ for under the same conditions of temperature and pressure the same cor 
rection must be applied. 

“ According to our own findings the statements made in Parts I and II are considerably 
exaggerated. For instance, the curves shown in figures 1 and 2 for maximum hysteresis show 
ibout 50% and figure 3 3 about 40%, whereas instruments as a geryeral rule do not have 
hysteresis over 2% of the pointer movement and good instruments invariably are consider- 
ably less than 1% i 


(c) Standard Capsular Element Instruments 


By “standard” we differentiate the instruments now to be described 
from the “null method” instrument described under the next heading. 

Fig. 326 shows an aneroid box instrument with restraining spring—that 
is to say a barometer, but the particular construction shown is that of an 
approved type of altimeter. As was mentioned in Section 9, not only are 
altimeters refined barometers but they represent the greatest progress made 
in elasticmember instruments in recent years. The capsule or aneroid box 


C is evacuated and sealed. Normal air pressure will tend to keep it con- 
tracted with tension on the spring S._ As the aircraft climbs, the atmospheric 
pressure on the capsule decreases, allowing the spring to expand it. Attached 
to the spring is the long lever L which connects with multiplying links and 
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when screw Eis rotated. E is operated manually with tting’’ of the instrument, anc 
the large pointer O is integral with it. 

In order to determine the atmospheric pressure, the screw E is rotated by means of button 
G until the tension in the spring exactly counterbalances the atmospheric pressure upon the 
evacuated metallic boxes A. When this condition exists, the suspension of the boxes A 
and spring C will be perfectly free, neither of the set screws being in contact with the bar, 
and the angular location of the pointer O on the dial can then be taken as a measure of the 
atmospheric pressure. 


creased. The arm extending to one of the upright supports prevents lug D from turning 


>J 


In order to determine exactly when the above condition 7 1 it was neces” 
sary to devise a very sensitive frictionless means of indication. This problem was solved by 
Mr. Paulin. . . A cradle K is attached to 
the lug B. It therefore moves up or down 
with any expansion or contraction of the 
metallic box (within the 0.001 inch limit 
between the set screws). At each end of the 
cradle is attached a phosphor bronze strip J 
which is secured at its other end to the base 
To the center of each of these strips is 
attached another phosphor bronze strip H, 
the opposite end of which is secured to a 
short lever arm extending through a shaft 
Shaft L is suspended between two springs 
M (eliminating the necessity of a bearing), 
and carries a long shaft I, one end of which is 
known as the Tendency Pointer. The other 
end N (counterbalance) terminates in an oil 
dashpot P which serves to steady the in- 
dication of the Tendency Pointer. Careful 
analysis of this scheme will reveal that a very 
small movement of the cradle K will result in 
a relatively large movement of the Tendency 
Pointer without the incurring of any bearing 
friction whatsoever. 

The instrument is so adjusted that when 

the Tendency Pointer (which extends Fig. 329 
through the dial) is at the middle or zero 
position of its travel, an exact balance is obtained between the spring and the atmospheric 

pressure upon the evacuated metallic boxes. Thus to read the instrument it is only necessary 

to rotate the screw E by means of the setting knob G in the direction to bring the tendency 
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2) The elastic hysteresis a1 


than on ordinary aneroids 
1 changes in altitude or elevation, has beer 
temperature coefhcient”’ 
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ten times more constant for normal changes in temperature than with ordinary aner 


18 remarkabley | IW al d C has pr 


The successful employment of the null method in one elastic 
pressure instrument shows. that it could be employed in others 
however, of jumping to conclusions, of making rash predictior 
imputing that manufacturers of industrial pressure instruments are 
the author deems it prudent to record an authoritative expression t! 
all the earmarks of an objection against null method altimeters. Say 
Peters, Surveyor General of Canada 

It passing it may be said t an aneroid, to stand up under field con ns, 1 
tremely robust, considered as an instrument It must not change its indications | 


10 feet or so under what might be thought quite severe blows This conside 


many ingenious, but frail, instruments which have been devised to replace tl 
aneroid. So far, in the large number of instruments tested by the Physical 
tory, none has yet been found which is more accurate than properly designed « 


7€ 
j ¢ } : 
lirect reading type 


(e) Classification of Errors 

In the regretable absence of an authoritative organized research 
errors of elastic member pressure instruments, something almost equi\ 
is afforded by the data contained in the well-known Bureau of Star 
Circular No. 46, “Testing of Barometers and Altimeters” issu: 
1922. So admirably complete was—and is—this circular that a m 

1 
copy recently received by the author from the Assistant Director 
search of the Bureau contains only four major corrections. The follow 
extract on errors of aneroid barometers is therefore up-to-date, beside by 
interestingly suggestive with reference to all other classes of elastic-me 
pressure instruments (the italics are ours) 

The errors of an aneroid barometer depend to a considerable extent upon the 
under which the instrument is being used and may, indeed, undergo secular chat 
however, by no means true that the aneroid barometer is entirely erratic and unde; 
for while the errors of these instruments are numerous, large, and variable, their ma 
can be approximately determined in each case. The variation of any given er 
perplexing to a person obliged to use the instrument, appears to follow definite physi 
While, then, it is true that corrections for the errors of an aneroid barometer can 1 
satisfactorily made as can those of a mercurical barometer* they can nevertheless be 
mined to a practical degree of accuracy depending on the time and care, which is de 
testing and correcting the instrument, providing, of course, that the aneroid is initia 
from mechanical defects 

The errors of aneroid barometers may be classified as (1) transient, (2) secular 


ror. ft 
FOr, t 


inherent. 

1. Transient errors are those due to the aneroid not being in a physically steady 
They can be avoided by waiting long enough before reading 

2. Secular errors are those due to changes taking place over a long period of time 
true secular errors may exist owing to the gradual settling of the parts, as was found i 
instruments constructed hurriedly during the war, these need not be of serious con¢ 
instrument is checked up from time to time with a standard mercurical barometer 
the true secular changes there are rather sudden changes which would on first th 
supposed to be secular changes but which are either shown by close observation t 


*No longer true ir the case of gor J instruments, unless you want to investigate aii errors, including t 


an scarcely be detected at all—M. F. B 
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y explicable in terms of elastic lag resulting from the daily fluctuations of atmospheri 
re, or which may be ascribed to some actual injury of the instrument 
The inherent errors are those due to imperfections of design or construction and to the 
ysical properties of the materials used in construction. These may be subdivided under 
e heads, namely, (a) mechanical errors, (b) thermal errors, and (c) elastic errors. 


The chief mechanical errors are those due to the necessity for a compromise between 
n and back'ash in the linkwork and those due to the difficulty of securing perfect 
e among the movable parts. To minimize the effect « 
he aneroid in the position in which it was tested, and (2) tap the instrument sharply 


»f mechanical errors, (1) always 


os it 
just before reading 
Thermal errors are due to the expansion of the parts and to change of the stiffness of 

the elastic members of the aneroid (the spring and aneroid c: apsule with varying temperature 
to correct for these errors, the instrument should be tested under as great a range of tempera 
ture as will be encountered in practice. Aneroids which are marked “‘compensated™ are 
nly compensated for the effect of changes of temperature on the readings at sea-level pres 
sures and do not take into consideration the effect of change of stiffness of the elastic system 
in the readings at low pressures. Some aneroids which are well compensated at sea level for 
dinary temperatures show very inadequate compensation at extreme temperatures. Instru 
ments can be purchased, however, which are successfully compensated over a range of 100°F 

c) Elastic errors are caused by the imperfect elasticity of the metal of the aneroid capsules 
ind springs. These errors are usually designated by the single term “elastic lag’ and may be 
classified under the three following designations: (1) Drift, which is the increase of reading, 
when the instrument is held at a constant low pressure for several hours; (2) hysteresis, whic - 

s the excess of the reading with increasing pressure over that with decreasing pressure for ; 
given pressure and which is also evidenced by the fact that the re re at any given pressure 
le pends on the previous rate of change of pressure; and (3) after-effect, which is the amount 
by which the pointer fails to come back to the initial reading after any complete cycle of 

pressure changes; for example, the failure of the pointer to return to its initial reading when 
the instrument is brought back to the original ground pressure 

The existence of the first of these effects necessarily leads to that of the other two. Whether 
there exists a type of hysteresis due to reversal of action independently of time or not * (recent 
experiments on springs at the Bureau of Standards seem to point to this type of hysteresis), 
it is probable that the predominating errors are those due to drift. The most important pre 
caution to take in order to avoid the effect of elastic errors is to ascertain in advance, and most 
conveniently by the regular bureau test, the drift which takes place in, say, five hours. In 
fact, it is possible to correct, roughly, for the effect of elastic errors when the exact circum 
stances under which the instrument was employed are known, particularly the rate of change 
I pressure. 

An extensive investigation of aneroids has recentlyt been carried out by the Bureau of 
Standards, the results of which have made it possible to construct aneroid barometers in which 
all the common errors of ordinary instruments have been practically eliminated. Some of the 
defects encountered in ordinary instruments are as follows 

(a) Irregular graduation of the scales 

(b) Altitude scales which can bz rotated relative to the pressure scale when the altitude 
scale is not divided into equal parts 

(c) The barometer fitted with a mechanism properly belonging to a smaller size case 

(d) The substitution of flexible fiber in the multiplying system for the usual metallic strip 
or chain. 

(e) The adjusting screw in the base having so large a pitch that in attempting to adjust 
the position of the pointer the smallest possible movement of the screw driver moves the 
pointer over a large part of scale. Attention should be called here to the use of this adjust 
ment, since if the pointer has moved more than a tenth of an inch it should be reset on the 
arbor and the finer adjustment made with the adjusting screw 

(f) Instruments engraved with the word “compensated” and yet not provided with any 
temperature-compensation device 

(g) Instruments having large errors of parallax due to the pointer being set a relatively 

large distance from the dial. This is true of instruments employing a sprial groove on the 
pointer arbor as a multiplying medium 

(h) Excessive vibrations of the pointer in aircraft instruments 

) Changes in the character of calibration curve in certain instruments constructed during 
the war, when the elastic elements of the instrument were not given a chance to age properly 


*There does exist this kind of hysteresis in all elastic materials. Recent research has shown that the 
elastic material does not exist.—-M. f . 
tThis publication of the Bureau is dated December 26, 1922. 
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14. Other Elastic-emember Forms 


There do not remain any industrial elasticmember instruments 
of those on the market fall within the classes covered in Sections 10 t 
A number of scientific laboratory instruments also fall in these clas 
but one—the Spurge gage, an English invention, illustrated in Fig. 33 
advantages and description of which have been best _ 
summarized by Diederichs & Andrae: 


A further difficulty encountered with the high-pressure Bourdon 
gage is the closeness of the scale. Even in a 12-in. dial, the scale 
would not exceed 30 in. in length, and in a 
6000-lb. gage this would mean that each inch 
stands for 200 lb. Reading to say 0.05 in., 
would still make each scale division 10 
lb. It is sometimes desirable to read high 
pressures Closer than this. This can be done 
by measuring the volume expansion of a tube or vessel under 
internal pressure, which is the principle of the Spurge gage 
A is a vessel holding water, B, the elastic vessel. In- 
ternal pressure in B causes expansion, tending to make 
the water rise in the tube C. The latter carries a zero 
mark at which the water level is maintained by means of 
adjusting the micrometer E in the expansion chamber D. 
F is an adjusting screw used to set the micrometer at zero 
for zero pressure. If, during a test, the temperature does 
not change, E measures accurately the expansion volume. 
This is not a linear function .of the pressure, since B is 
subject to both radial and axial expansion, and this gage 
must therefore be calibrated against a primary standard. 
It is claimed that this instrument is accurate to one part 

1 2000. 


Telescope 




















15. Specifying, Testing and Adjusting Elastic-member 
Gages 


This section gives miscellaneous useful data for engineers and for practi 
cal users. No attempt has been made to compile specifications, tests and 
methods of adjustment for all classes of gages. Instead, one class only 
referred to under each heading. The selection has however been m 
with a view to general interest in spite of the fact that the quotations refer 
specifically each to one rather limited group of instruments. 


(a) U.S. Navy Specifications for Indicating Pressure and Vacu- 
um Gages for Air, Steam, Oil and Water. 


As this heading implies, these specifications cover the gages of types 
which are most universally used in all industries. “Bourdon tubes’ 
specified for all gages except oil gages and air gages reading to 50 Ib or under, 

where no mention is made of the elastic member; but the context implies 
(we believe) that even for this type the navy requires Bourdon tubes. To 
print these specifications in full (in the smaller size of body type used in this 
book) would require eight pages. They include five illustrations of dials 
which need not be reproduced because in each case one of the figures on 
page 144 shows the requirements close enough for most purposes. 5 
much has been said in favor of these Navy specifications, and so little against 
them, that the extracts below may be recommended as models for industrial 
specifications: 
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MATERIAL AND WORKMANSHIP. 
3. (a) All material entering into the construction of gages shall be free from all defects and 
ishes that in any way affect the appearance or serviceability of the gages 
Workmanship shall be first class in every respect 
GENERAL REQUIREMENTS 
4. (a) Cases—All gages except type D shall be furnished with heavy red brass, polished, 
I lac quered cases, threaded to take the screw bezels The first two threads shall be turned 
n to the diameter of the bottom of the threads The composition shall consist of at least 


per cent copper with a suitable mixture of tin and zinc. The gages shall be provided at 


ick with a flange drilled with three holes uniformly spaced for securing the gage to the 
1. All cases shall be of shallow type unless otherwise specified 
Fittings—All gages shall be fitted with black lacquered indicating hands, and a red 
juered fixed hand, which can be riveted in place to show working pressure. All gages 
except pressure gages over 750 pounds shall be fitted with a suitable heavy gage cock, which 
hall be tested with the gage 

e) Dials—{1) . . . All gages shall be accurately and correctly graduated up to and includ- 
ing the last division of the scale . . . The graduations shall cover an arc not less than 270 
Dials larger than 4% inches shall be secured to the gages by three screws, dials 414 inches 
diameter and under shall be secured by two screws . . . (3) If so required, there shall be placed 
n the dial between the manufacturer's marking and the hand pinion a silvered blank name 
plate, which shall be marked to indicate the purpose of the gage . 

DETAIL REQUIREMENTS 

5. (a) Pressure gages (750 pounds and under) type A—These gages shall conform to the 
following requirements: 

(1) Gages graduated to 100 pounds and under shall be fitted with a seamless Bourdon single 
tube; those graduated to more than 100 pounds shall be fitted with seamless Bourdon double 
tubes. Tubes fitted with auxiliary spring or stop will not be accep 

2) ... All wearing surfaces shall be of a suitable combination of metals to assure mini 
mum friction or wear. 

3) Arbor bearings shall be deep bushed or otherwise fitted to give a bearing at least 11% 
liameters long. The sector shall be of suitable hard, nonferrous material, with milled teeth, 
the face to be not less than 0.10 inch. Connecting links or plates shall be of suitable material 
not less than 0.05 inch thick. All moving parts shall be as light as possible consistent with 
the requirements of these specifications 

(4) Gages, type A, shall be furnished in accordance with the following sketch [omitted 
style similar to pressure scale on dial of Fig. 295] and table of dimensions: 


Briggs 
Depth stand- 

Diam- of Height ard 
eter of gage ot male 
dial. (maxi- figures pipe 
mum). thread 

connec 

tion. 


Inches Inch Pounds Pounds 
32 100 200 
100 200 
100 200 


GRADUATIONS ON DIALS 


Pressure scale (pounds) 100 200 
Scale divisions (pounds) 1 4 


Gages over 500 pounds, up to and incl 
pound divisions. 

(b) Pressure gages (over 750 pounds), type B . 

(1) . . . seamless Bourdon single tube, made of high-grade spring or tool steel 

(2) The Bourdon tube shall be threaded and securely screwed into the stem of the gage 
Solder may be used for the purpose of insuring the tightness of joints. In case of the use of 
solder the construction shall be such that no leakage will occur in event of softening of the 
solder when the gage is subjected to its maximum working pressure at a temperature not 1n 
excess of 145°F. Solder shall not be used for any other purpose 

(3) Gages in other respects shall conform to the requirements for pressure gages, type (A), 
except that they shall be furnished in accordance with the following sketch and table of 
limensions: [omitted] 

(c) Vacuum gages and compound gages, type C 

(1) ... single, seamless, Bourdon tubes. 
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2) The movement of the vacuum gages shall « 
as possible, consistent with good construction, du 
3) sketch of vacuum gage dial similar to dial of Fig. 293; of compound gags 
288 

(d) Ammonia gages, type D 

1) ... of approved pattern with seamless Bourdon single tube Tubes shall be 
grade spring or tool steel. Sockets shall be of steel. Sockets and tubes shall be « 
or lacquered 

(2) Movement and other interior parts shall be of monel metal or of other 
material nickel plated, or of suitable steel 

3) Cases shall be of iron, black enameled, with brass nickel plat 
flanged as required in paragraph 4 (a 

(4) Gages in all other respects shall conform to the requirements fo 
C, except that the dials shall have 30-inch vacuum, and 300-pound pressure s 
vacuum scale shall have 5-inch divisions and the pressure scale 5-pound divisions 
gages shall be furnished in 4% inch dial size 

(e) Oil and air gages (§0 pounds and under) type E 

(1) Oil gages and air gages reading to 50 pounds shall conf 
for pressure gages under 750 pounds. The movement shall « 
links as light as practicable, consistent with good construction 

TESTS 

6. (a) One gage out of each 10 or fraction thereof of g: the same type and 5 
ing shall be subjected to an endurance test as follows: A pressure equal to the maximun 
reading shall be applied for 1 hour. Within 10 minutes afte f 
without recalibration or adjustm?n*, thee gages shall be sult » tl 
1 1 


>d gage fails it will be rejected and 


] 
I 
3 


spec ified under (b) below If the selecte 
gages may be selected for test. If either fails the lot stands rejected 

(b) Calibration tests reading both up and down shall be made on each gags 

(1) Pressure gages—The error in reading at any point above 5 per cent of the maxin 
reading to which the scale is graduated, shall not exceed, 1% per cent of the maximum re 
to which the scale is graduated; except that the error in reading at the graduation indi 
the working pressure shall not exceed 14 per cent of the maximum reading to which the s 
is graduated 

(2) Vacuum gages—The error in reading shall not excee ; inch vacuum between 5-ir 
and 30-inch. 

(3) Compound gages—The error in reading at any point on the pressure scale 
exceed 114 per cent of the maximum reading to whicl e scale is graduated. The error ir 
reading on the vacuum scale of the 30-inch to 30-pound gage between 5-inch and 
vacuum shall not exceed % inch of vacuum. The error in reading on the vacuum s 
the 30-inch to 100-pound gage between 5-inch and 30-inch vacut 
of vacuum, 
(c) Gages selected for tests shall withstand a temperature without showing 


defects 


(b) Canadian Test for Aneroid Instruments 

A recent paper by F. H. Peters, Surveyor General and Director 
Typographical Survey of the Dominion of Canada, gives what is pro! 
the meatiest discussion of aneroid instruments ever put in 4,000 w 
and ends with the new official acceptance specifications for portable tempe: 
ature-compensated aneroid barometers scaled for 31 to 27 inches of 
cury (0 to 4,000 feet). These specifications, though interesting, are rat 
too lengthy for our purpose. The acceptance test with which they 
clude deserves however to be quoted here, almost in full, as of interest 
connection with all elasticmember gages. Compare this test with 
U. S. Navy’s acceptance test for a totally different class of elastic-mem!| 


+} 


Preliminary Examination—The instrument is given a general examinati 

check the design, workmanship and existence of any obvious defects, or failure t 

with the “General’’ and “Mechanism” requirements. It is then subjected f 
tests to detect friction, looseness, lack of rigidity and want of balance 

(1) The instrument is tapped and the maximum range within which the han 


rest is recorded as the deviation by tapping 
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| >} 
-cessarlly Consecu 


The instrument 
afterw irds ll 


Tem{ erature 
| 1 allowed t 
parison is then made | 
> mercury | 
ra further 
jard barometer 


tt 
itt 


letermined ‘\ 


] 
ites, reaging 


Part 4 Temperature 
) two portions, the instrumer 


C and 40°C 


} The results 2) 
normal ¢ 


lerances le 
The deviation by f 
The shift shall not excee 1 
The vertical correction sl 
The proportional drift* 
When the calibratior 


viation of the points f 


2 inch of mercury, 
04 inch of mercur 


yt exceed 
1 
is Navi 


> algebraic difference 


<4 


etween the deviations 
} 


h of mercury. 

he greates 
1 exceed 
pressure in the range 0 


") The or 


(c) Adjustment of Gage Rate 


In 1924 and 1925 there appeared a1 
subject in Power, a magazine which always shows interest in engineering 
instruments, and since there have not been placed on the market since then 


1 extensive correspt dence on this 


ny gage movements differing from those discussed at that time, the author 
unblushingly admits his inability to shed any more light on the subject, 
and believes that the following abstracts may still be considered the “‘last 
word” on this interesting topic. 


a 
an porti 
Scale v 
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Fig. 33 Fig. 332 


Abstract of letter by Glenn E. Nichols, Rochester, N. Y.: 

... The two general types of Bourdon gages in use are the single 
and the double-tube. In these types the connection of the pointer t 
gage tube is by some form of adjustable gear and lever mechanism. In t 
usual single-tube gage this adjustment, illustrated E on the sketch, Fig. 331 
is generally one of three forms: (1) a slotted arm of the sector in which the 
end of the connecting link A from the gage tube can be moved; (2) a « 
motion at the end of the sector arm to which lever A is attached; 
separate sector arm C that is fastened to the sector B by screws, this s 
rate arm being slotted for the pivot pin. Thus a change by any of t 
methods will change the leverage E, which will cause a slower or f 
movement of the pointer for any uniform increment of pressure. 

In the double-tube type there are two adjustments as shown i1 
sketch, Fig. 332, one in the short arm and one in the long arm. The une\ 
variation that cannot be taken care of in the singletube gage may 
some extent eliminated in this type. 

Abstract of letter by R. Beck, Chief Engineer, American Schaeffer 
Budenburg Corporation, Brooklyn, N. Y.* 

.. A principle of adjustment for uneven spring deflection in singlet 
gages consists in varying the angle ABC, where A represents the cent 
around which the gear segment swings, B the point at which the connect 
ing link L pivots on the segment and C the pivot in the endpiece at t 
other end of link L. Figs. 334 and 335 show how the angle ABC aff 
the working of the gage (conditions exaggerated for sake of clearness) 

Fig. 334, AB is the position of the segment at zero pressure, AB; t 
position at maximum pressure. The shorter distances AD and AD, 
tween A and the two link positions BC and BC, represent the effective 
lever lengths. It will be seen that AD is shorter than AD;. For equ 
distance traversed by the spring endpiece C, the pointer will theret 
move faster near position B than near position By. 

Suppose now that length AB has been adjusted so that the pointer, | 
instance on a 100-[b gage, covers correctly the distance 0 to 100 lb but 1s t 


*Now Consolidated Ashcroft Hancock Co., Bridgeport, Conn., where Mr. Beck is at the present time 
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low at 50 lb. It is only necessary to 

bring the movement into a position 

similar to Fig. 334, which will in 

crease the speed in the first half of the 

scale soas to bring the pointer up to 

50. Inversely, if the pointer had been 

too high at 50, the movement should 

be brought into a position similar to 

Fig. 335, which produces slow speed 

at the beginning and high speed at 

the end. There are several methods 

of obtaining the required adjustment. 

One generally used is to change the length of 

link L. In quantity manufacture it can be easily 

arranged to have links of assorted lengths on 

hand; if the first link does not give the desired 

result, it is replaced by a longer or shorter one as 

needed. The user of the gage, however, cannot 

apply this method. A new movement patented 

by the American Schaeffer and Budenberg 

Corp. eliminates the exchanging of links and can also be adjusted easily by 

the user. This movement has a round center plate E with two symmetrical 

slots F (only one visible in Fig. 333) through which the two movement 

fastening screws S are inserted. The enlargement G of the slots allows 

slipping the movement over the screw heads without removing the screws 

from the supporting plate. The slots allow a considerable a ngular ad 

justment of the movement, which permits the use of a single-length con 

necting link L, as the adjustment takes care of any variation in the location 
of the spring endpiece C. 

The round bottom plate E has a small extension in its center (not visible 
in Fig. 333) which engages a hole in the supporting plate H and keeps the 
pointer shaft in exact alignment with the dial. Fig. 336 shows the effect 
of this adjustment. Suppose the first adjustment was a symmetrical BAB', 
ind increased speed at the beginning is required; by loosening the two 
screws S and turning the movement so that A is shifted to A;, a condition 
similar to Fig. 334 is obtained. 
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Replacing Diaphragm Leathers 


can be done in many cases without returning 
whether the special grade of sheepskin know 
ld beaters’ cloth or something like it is require 
slocked over a form so that it will not wrinkle at 
free motion. A wooden forming pan for circular leathers 


minutes 


16. Miscellaneous Industrial Features and Accessories 


The most important class of accessory devices is that which comprises 
levices for protecting gages against corrosive fluids or simply against the 


lmission of water. It seems unnecessary to illustrate any of these. and 
beyond putting on record here an emphatic reminder of their frequent im 
nortance they need not be described. 


Fluctuation deadeners are also on the market and often serve a useft 
readings 


\ 


purpose but on some applications they may cause misleading 

explained in Chapter X, Sections 7 and 8. But on applications where 

is satisfactory to obtain the “average” pressure their use is strongly recom 

mended as conductive to ease of reading gages and dim 
| 


movements. Fig. 338 shows the section and Fig. 339 the gene 
] 


+t 
ae 


inution of wear of 
gage I 

ppearance of one kind. ‘‘The pulsating pressure from the line is force: 
reach the gage through a considerable length of fine tubing coiled closely 
see the compression air-chamber. This ‘air-receiver’ action, combined 
with the friction of the 1 in the fine tuning, absorbs the fluctuations.” 


es 


Fig. 340 shows a section (34 actual size) of another kind, described in part a 


to 


follows: 


. The Ray Pressure Snubber has a traveling clearin 
foreign matter contained in liquids under pressure from enterit 
ves upward and downward on every pulsation, thereby fo 
the line . The snubber is shipped with three different sized 


lard pin contained within the snubber 


Vari 
tion in bodies of fluids under pressure. Should the stan 

ot work as desired, one of the other pins should be inserted t 
The No. 1 pin for more freedom of action, or the No. 3 pin for 

to prevent the needle fluctuating at all These pins are desirable as some mechanics like 
lente slightly, whil lie others desire in absol Itely stationary nee 1 


t 


needcie 


see a gage needle 

Next to automatic control, any reliable means of signalling, by flashing 
lights or sounding audible signals, is desirable wherever men are instructed 
to maintain pressures within certain limits. A number of contact devices 
for indicating as well as for recording gages, are available and Fig. 3 
shows one kind. 


Reference has been made to multi-pointer gages under the descriptions 
of various classes. Fig. 337 shows a multi-pointer gage with fourteen 
scales—which is by no means the practical limit. 


In large plants and on other applications it is often desirable to locate 


pressure indicators or recorders at a distance from the point where the pres 
sure is taken off, much greater than can be done by running a gage line 
Several makes of trustworthy electrical distance systems are available. 
Two are shown in Figs. 342 and 343. In this connection it is not amiss to 
call attention to the difficulties and troubles that go with long gage lines. 
See Chapter X, Section 10. 

Some of the hundred-odd illustrations in the foregoing part of this 
Chapter have already given some idea of the variety of instrument cases 
Mention may now be made particularly of water-proof cases which should 
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oftenGbe specified but are generally overlooked. And the usefulnes 
portable pressure recorders, of which there are several distinctly special 
forms, among which those shown in Figs. 344 and 345, needs also t 
stressed. A portable pressure recorder does not take the place of a “ 


Standard for calibrating permanently-installed gages, but it supplem 


Pp 
number of indicating gages of corresponding ranges located on ap 
which, while not calling for the installation of recorders, call fo 
casional taking of records as a check on processes, operators, etc. 


plicatios 
or the 
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Instrument Springs and Diaphragms 


The Status of Experimental Knowledge of their Endurance, 
Elastic, Thermal and Other Properties Affecting 
Service-life and Accuracy 


M. F. Béhar* 


In considering the field of pressure instruments, one is struck by a strange 
paradox: On the one hand a great—and, growing—proportion of engineers 
manifest a preference for gravitationalmethod instruments that almost 
amounts to a prejudice against elasticmember instruments; on the other 
hand a great and ever-growing majority of the instruments sold every year 
for pressure measurement depend on curved flattened tubes, helical tubes, 
diaphragms, metallic bellows, springs of various shapes, and other elastic 
elements that deflect in proportion to the applied pressure. 


Certain it is that easily read dials are preferable to visible liquid columns. 
Equally certain it is that perfect elasticity and total absence of hysteresis 
and variance have never been attained. All metals and alloys are subject 
to what is commonly called “fatigue.” The best of springs fail sooner or 
later—some mysteriously soon, some “not yet” as in the case of the famous 
Ashcroft gage which, returned to the factory after nearly eighty years, was 
found satisfactorily accurate after re-calibration. 


Evaluation of the properties of metals and alloys to resist static stress at 
normal temperatures has become a well-understood matter. But when it 
comes to methods of evaluation of resistance to repeated stress, to abnormal 
temperatures, or to wear, neither the methods of test nor the engineering 
application of the information are so well understood. 


And with regard to the “service life” or “accuracy life” of elastic mem 
bers, as distinguished from their life until actual failure occurs, there is very 


little information and there appears to be no accepted criterion, not even a 
set of accepted definitions. 


In the meantime, it is a sort of free-for-all, in which any gage manufacturer 
can devise any test and proclaim that his product is “best by test,” and it 
speaks well for the high ethical standards of instrument-makers that the 
endurance test advertisements actually published are not “raw.” In spite 
of the increasing rapidity of progress in research on properties of materials 
and behavior of elastic members under various conditions, it probably will 
be all of ten or fifteen years before the situation is cleared up. Until then 
every engineer interested in these problems must do a lot of digging out for 
himself. Let us then proceed to summarize some of the important recent 
data and cite references. 


“Engineering Editor. 
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(a) “Fatigue” 


“How long will this part last?” is a question which the instru 


1 


signer often puts to metallurgical engineers, and one which is seldor 
answerable. The metallurgists and testing engineers will in tur 
the instrument designer some rather embarrassing questions in 
exact effects of the actual service to which the spring or other ela 


ac 


is to be exposed. Users of pressure gages could answer many such qui 
but who is to direct such a survey? There is no “National Associat 
Users of Instruments Depending on Elastic Elements’. . . but—th 
recognized engineering socities, and many readers of this book bel 
them. The following pages may seem to paint a discouraging pi 


ctu! 


their design is the opposite: to suggest and to stimulate. 


The most readable by far—and one of the most erudite-—of 
authorities on “fatigue” of metals is Dr. H. W. Gillett, Director of B 


Memorial Institute and Editorial Director of Metals & Alloys 
7 1 1 « 1 
to him and to that publication that the author is indebted for the su 
“ 7 
of the following discussion, as far as heading (c). 
Most of the failures in mov 
but are caused by the 
inappre iable if they were not 
I] f short, withou 
¥ ago jumped 
>d the original crys 
1a realization of the true phen 
The phrase “fatigue,”’ too, is an inaccurate on Metals do not get “tired,”’ a 
up. If they are repeatedly overstressed, begin to develop very tiny sub-m: 
nuclei for failure that in time develop into cracks. “Endurance” or resistance t 


failure under repeated stress, is a far better term than “fatigue,” though 
entrenched in our vocabulary, that it will be a hard tern get of 

state of knowledge of the endurance of metals under repeated stress was fully as 

is today in regard to corrosion, wear and high-temperature service. There is, of c 
more to be learned, but a good many of the fundamental principles are now well 


I VE 


The subject was first studied about 1852 by Wohler in Germany. One of his t 
over 132 million cycles at 72 r p.m., i. e., it took 314 years. He spent 12 years ir 
searches, and died at the age of 94. In modern times, it has been found necessary 
alloys, to extend the test upward of 500 million cycles. The useful life of many m 
has to be measured in billions of cycles. One can’t tell 


cycles unless he runs it a billion cycles 


how an 


As research on endurance progressed, it finally appeared evident that steels, 
alloys in general, have a true “endurance limit." That is, there is some stress | 
no matter how many times the metal is subjected to stress, it is not damaged, 


fail. It was scarecely ten years ago that this was proven beyond question, and 
ceased as to whether any stress, however small, if often enough repeated, would 1 


failure. With certain limitations as to presence of internal stress, it is nowadays | 
that if a steel specimen runs at a given repeated stress for ten million cycles without br 
it will never break under that stress 

Belief in this fact is bo : 
stressing.” If a specimen is subjected t v 
jJurance limit, it becomes strengthened ar 


the enc 


acting as if it were coldworked, though its dimensi lo not change measurably, 


this treatment it will stand many millions of cycles at repeated stresses so high 
not been for the preliminary treatment, 

cycles. With this fortunate fact in view, « 

which steel will endure indefinitely, i 

temperature be within “normal” range 


As long as the stress is below the endurance limit, no damage willensue. If 


hand, the stress is allowed to rise above the endurance limit, damage is done 
endurance limit is a stress below which everything is lovely, and the metal is getti 


YU } 





INSTRUMENTS 


td of worse, but above which damage is being done 
ike millions of cycles to develop it into a crack and consequent failure, but damaged it i 
Hence, it is highly important to guard against the possibility of ever > 


wht tt 
gnt ti 


This damage may be so sli 


if 


theless 
ications of load over the endurance limit 

an hardly be too strongly emphasized that the endurance limit is a stress value. Very 
the design value of the stress is low, but the actual stress value, at a sharp shoulder, a 
vay, or a screw-thread, for example is actually way above the calculated value The 

will fail if at any point, however minute, repeated stress is apy { 


11ed ib ve the endur ince 


The straight endurance limits of steels are (given a properly shaped and polished test | 
vith freedom from external notches such as scratches on the surface or internal ones such a 

lusions, slag streaks, shatter cracks, etc.) pretty much proportional to the tensile strength 
r the Brinell hardness. The ratio of endurance limit to tensile strength is around 50:100, 

igh it may be as low as 35:100 or as high as 65:100, so that one cannot dispense with the 


jirect determination of the endurance limit. That is, if only service, 
be in the picture, the stronger the steel can be made in tension, the higher its endurance limit 
But this approximation doesn’t hold even on the basis of the regular endurance test alone, for 
quenched, heat-treated steels drawn at so low a temperature or for so short a time that internal 
stresses are not released 


without abuse, were t 


Even when internal stress can hardly be blamed for the effect, it turns out, in service, that 

softer, tougher steel acts better than the one that wou 

This doesn’t mean that the information given by the is wrong, 

So if the service involves only occasional 
hed amen He alloaec 


ld be picked from an endurance test 

me it 
merely means that it gives one kind of information 
werload, as well as repeated stress at the design load, or if surface 
thus raising the stress from the design value to an unknown but higl 
must temper his enthusiasm for superhard steels which will not stand 


the engineer 


J are sensitive 


to the notch effect 

An endurance test is made by running a specimen at a high stress til 
its life, running another at a lower stress, and noting its life, and so on, at progressively lov 
stresses, till the specimens cease to break and run for as many millions or billions of cyc! 
it has been decided to extend the test. The stress-life (S-N) curve is then plotted, and if the 
curve is truly horizontal and parallel to the N axis, then the endurance limit has been four 


breaks ar 


es as 


The old “vibratory test’’ in which a specimen was subjected to repeated stresses so high 


that it broke in, say a few thousand alternations of stress has been, or at least should be, abor 


joned, because the S-N curves, above the endurance limit, may cross, and such tests may 1 
even rate competing materials in the proper order. The search nowadays is for the safe 
stress—the endurance limit—and finding it involves running some specimens for a long, long 
time without fracture. Many attempts have been made to find something, like the develop 
ment of heat in the specimen due to slip, a change in electrical resistance, or some other 
property that would, in a relatively few cycles, tell whether anything was occuring that 
would ultimately cause failure. But the development of the nuclei for failure into perceptible 
cracks comes so slowly that such methods are yet unavailing. 

The obvious way to let the nuclei develop, and still get the test « 
great number of cycles but apply them awfully fast. Hence, various schemes are being used 
to speed things up. Magnetic type testing machines are being run at 30,000 cycles per mit 
ute and airdriven specimens are being made to vibrate of themselves at great speed, something 
like a tuning fork. (See October, 1929, issue, Metals and Alloys.) Unfortunately 
problems involved are extremely difficult. The methods would give results unsafe for 
design use unless a correction factor can be found, and the establishment of a correction factor 


entails recourse to the old, tedious, slow speed methods 


t 


Jone in a hurry is to use 


whee 


li 


eed up the testing somewhat, as McAdam has reported nort 


r less 


It does seem possible to sp 
results with tests run at 10,000 r p.m. instead of the usual 2000 r.p.m 
care has to be taken in speeding up any given testing outfit, to see that no harmoni 
are set up that impose actual and unknown, stresses on the specimen above those « lated 
Incidentally, harmonic vibrations must be just as carefully guarded against in practice. Th 
of the four crankshafts of the Graf Zeppelin broke during one of the early trips because, wher 
in actual use in the dirigible, harmonics were set up that were not present in block testing 
with a rigid foundation, and whose presence, was not suspected till too late. This is a 
known case. How many hundreds of pressure gage springs have fai | 
no one knows! 


Between the standard laboratory test on a notch-free, perfectly polished specimen of spring 
steel, and the results in service, there is quite a gap. Rough surfaces the presence of bolt 
holes, surfaces decarburized in heat treatment and not removed, or the presence of corrosion, 
will all drop the calculated stress that the spring will withstand, far below the laboratory 


ree 


1 
led for analogous reasons 
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value. This fact poin te out obvious means of improving instrument spring design 
rication so that the steel may have a chance to act as it does when it is on its good t 
The amount of surface notching the steels will stand when they are abused, nee 
further study. here is good evidence that internal quenching stresses adversely 
endurance of heat-treated steels, and it takes longer tempering to remove such stre 
is usually given. Different alloy steels probably vary greatly in their susceptibility t 
notches or to internal ones, i. e., inclusions as well as in their ability to attain rel 
internal stress without softening too far. These matters deserve more attention tl 
are getting 


In spite of all the drawbacks the need for the results of endurance testing is s 
the value of the results so great, that vast amounts of research have been put on th 
in America, England and Germany.* In America, in addition to Dr. Gillett, “ R.\N 
D. J. McAdam, Prof. H. F. Moore and co-workers at the University of Illir 
Johnson at the Army Aircraft laboratory at Dayton, various workers at the 4 
Standards, at the Research Laboratories of the Westinghouse Company, the Bell Tel 
Company, the Aluminum Company of America, (see September 1929, Metals and 
the General Electric Company, the National Tube Company, the University of Wi 
Lehigh University and others, have covered the field very thoroughly The result 


been well substantiated by data from an almost equally long and brilliant list of Er 


vestigators 


(b) Endurance Limit—A Few Figures. 


While it is impossible to list here anything like the range of alloys on which et 
data are available, a few representative figures may be given. Data on wrought ste« 
considered from the point of view of a comparison with the static tensile strength 
iron has an endurance limit, in completely reversed bending of around 60‘ 
strength (even though this is above the proportional limit As the carbon 
annealed or normalized steel, those of .10—.15% C usually run about 50‘ 
strength, but as the carbon increases further the endurance ratio tends 
40%, and figures as low as 28% are recorded 

Raising the carbon does raise the endurance limit, in absolute value, but it is not t 
effective way of improving the endurance properties. Cold working, again, raises t 
durance limit, in absolute value 


When high endurance is re mines, quenching and tempering of carbon or alloy st 
generally resorted to. If the steels are clean, as free as possible from non-metallic inc] 
shatter cracks or internal strains, the endurance limit stays at 45-55% of the tensile str 
up to a tensile strength of about 200,000 Ib. per sq. in. Above that strength, as 
of say 275,000 Ib. per sq. in. tensile, the endurance ratio is likely to be low 
durance limit seldom rises much above 110,000 or 115,000 Ib. per sq. in., probably th 
effect of internal stress. Prolonged tempering at low temperatures so as to maintair 
tensile strength has sometimes allowed the production of specimens with arou 
lb. per sq. in. endurance limit 

While there seems to be a tendency for the endur ance ratio to be higher in a sor 
than in a pearlitic one, the presence of troostite, martensite or austenite does n 
affect the endurance ratio. The austenitic naiclees steels shov ut the usual 


durance ratio and the endurance limit in completely reversed bendin- nay be well 


1 
r 
proportional limit, as is the case with pure ferrite 


Carburizing or nitriding offers distinct possibilities for servic where the maximun 
is at the surface. Carburized steels can be made to give 55((C lb. per sq. in 
limit, and a nitrided steel has given as high as 84,000. There is always a danger « 
a notch in a brittle coating which will reduce the enduran-e limit, and the brittle 
alloy layer on a hot-galv: . ized or sherardized steel is responsible for reducing the « 
limit from 60,000 to less than 45,000 Ib. per sq. in. 


>T) 


*The ey can get the gist of the endurance situation from a concisely-written “Manual of Er 
Metals Under Repeated Stress,” by H. F. Moore (En if i n, New York, 1927 The 
search Con mittee of the American Society for Testir ary sm a report in June, 1930 in which 
facts as to endurance of metals are t and clearly stated. For z - wre extended discussion of the su 
books with the same title, “The Fatigue of Metals,” one by H. F. ore and J. B. Kommers (McGraw-H 
Company, New York, 1927), the other by H. J. Gough (Van Nc strar — ew York, 1924) are available 
these contain tables that su f ll he 
original researches from w hich ant country 
the Bulletins of the E eering Ext ent Station of the rsity is, 2 n the Pr ceedings 
can Society for Te : I he nd plans to do so in 1931) a 
abstracts on the literature of endurance uch at ts appear nonth by month as the articles are put 


Metals and Alloys 
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March, 1931 


With ferrous materials it is always necessary to recall that when corrosive conditions of 
service are involved, they all tend to come down to a much lower corrosion-fatigue limit, no 
steel that is not truly corrosion-resistant haviag a corrosion-fatigue limit much over 25,000 
ib. per sq. in. and often lower. Heat-treatnent is not of much value in this connection. 
Even stainless steel has its endurance limit rather badly reduced, while the austenitic stain- 
less type, truly corrosion resistant under most service conditions, loses but little in endurance 
limit even though corrosive conditions obtain. 

The situation in regard to non-ferrous alloys is very complex. The endurance limits are 
generally rather low, and the effect of cold working is not always of particular benefit. Alpha 
brass, for example, has its endurance scarcely raised at all by cold working. Some non 
ferrous alloys of 90,000 Ib. per sq. in. tensile strength have endurance limits under 15,000 
lb. per sq. in. 

Nickel and especially monel metal, though probably not having a real endurance limit, 
yet will stand, on a basis of a 500 million cycle test, 25,000—35,000 lb. per sq. in 

Most of these non-ferrous alloys are corrosion resistant, and have fairly respectable cor- 
rosionfatigue values. 

Heat-treated duralumin shows some peculiarities in endurance, different lots acting dif- 
ferently for no apparent reason. In general, the endurance limit, though none too well 
marked, is generally taken as around 15,000 lb. per sq. in. on a 500 million cycle basis 


(c) “Dynamic Ductility” 

While the endurance limit is the most important property of elastic 
materials, lending itself to accurate determination, and the effects of tempera- 
ture on which are likwise subject to methodical study, some other properties 
have not yet been satisfactorily defined. Among them are properties of 
greater importance to the instrument user than the endurance limit—some 
that determine the performance of a spring as the measuring element of an 
instrument under normal conditions of use—such properties, of course, as 
hysteresis effects. 

As a matter of fact the rational definition of one such property has not 
yet been published and it was only through a stroke of pure luck that the 
author stumbled upon the manuscript of a little treatise which gives it for 
the first time. This treatise will probably be published next autumn, until 
which time one is not permitted to name its source. In this paper, the 
property in question is called “Damping Capacity or Dynamic Ductility or 
Hysteresis Effect’ —its joint discoverer is as undecided about naming it as he 
is certain of having tracked it to its lair. Dynamic Ductility is our choice, 
because it is related to the dynamic behavior of elastic member instruments. 

Whatever term is decided upon, it is bound to achieve recognition while the “laws” of 
elasticity which we were (and still are) taught in engineering schools will accompany obsolete 
manuals to the garbage dump. For this is a mighty important property. One may say that 
the endurance limit is the most important property of elastic materials; the modulus of elas- 
ticity that of springs; and Dynamic Ductility that of instrument springs. 


In the treatise to be published within a year, five graphs and nearly 1000 words are required 
for its complete definition, as distinguished from static du tility, etc. In brief, it seems (the 
present writer is not up on these recent researches) to be the measure of the plastic deforma- 
tion that occurs within the “service range’-—which means, as is proved in the treatise, that 
Hooke’s law is a mere approximation and that there is no such thing as an “elastic’’ material 
This is not unreasonable: we all know that the best tempered spring soon stops oscillating 
even ina vacuum. Obviously there is plastic deformation, like when you bend a lead wire, 
but infinitely less. Obviously there is, within the “elastic’’ range, a small but at last measur- 
able amount of work—which “vanishes” or is changed to heat. This work is that which is 
needed to make possible the plastic deformation. 

This work is represented by the area between the straight line of Hooke’s law and the ac- 
tual stress-strain curve obtained by the new methods, in a complete cycle from +S to —S 
This is a figure-eight and it is nothing other than a hysteresis loop. 

We have seen above, under “Fatigue,” that the “straight endurance limit” is determinable 
inS-N terms. The great advantage, now, of going by Dynamic Ductility is that it considers 
only performance within the perfectly safe range—and not over billions of cycles but over a 


number of +S alternations enough to give concordant results—say half a dozen 
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Drift and Hysteresis Definitions 

rejecting the term “Hysteresis Effect’ 
yroperty is that there are two types of hysteresis 
1 by the Bureau of St 


recognized 


(d) 
( ne exc el 


reason [ol 


or 
TS a©re 


t or creep which is not hysteresis 


I 
>] Fy 
elastic 


strument f 


lable experimental 

its low temperature coefficient 
defects were witl 
the hysteresis occurring ir 


the tim 


instruments is 


nysteresis if 
i manufactu 
t 0.1 per cent 
(e) The A. S. M. E. Special Research Committee 
> output of literature on elastic properties, in the form of book 
journals, has now reached such a volume that 1 


I 
of articles in technical 
up with these sources takes an engineer's entire time. In addit 


h on elastic and inelast 


i 


to keep 
neaty official reports of wholly original researches come out more frequ 
] t1 


than ever in the past. Two types of researc 

havior of springs are being carried on: fundamental! and practical. \ 
investigators are at work on each. 
\uspices of several institutions, notably under those of the A. S. M 


rch Committee on Mechanical Springs, of which J. K. W 
seven Progress Re] 


Both types are carried on unde 


ited 


opeci il Rese 
1 

This committee has already preser 
presented at the December 1930 meeting o 


j 1] t ~ £ ¢] MA | 
ind especially No. 7 C f the A.S.N 
: journalese) which compel revisions of some 


is chairman 
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startling discoveries”’ in j¢ 
tic properties greater extent than tl 
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M. F. Sayre and associates 


ne by Prof 
These were 


Important work has be 
steel, | I luminum alloy wires 


Shosphor bronze 





INSTRUMENTS 


gage length of the specimens was increased to 52 feet 
taken to one part in fifteen million; the temperature was cl 
is done with precision, so that the accuracy was to one part 
re’s tests indicate that the elastic limit and the proportional no « 
that the true stress-strain line, aside from any plastic flow or hysteresis effect URV E D 
THROUGHOUT. Definite quantitative values for the rate of change of modulus of el 
ity with stress intensity were obtained. Figures are also given | vre wl j 
rcertain steel specimens, a marked increase in hysteresis and de 


1s a result of temporary overstressing beyond the elastic limit 


In the latest Progress report, mentioned above, Sayre gives 
f change of Young’s Modulus of elasticity with stress. There is ré 
these same equations hold both in tension and in compression, 
been possible to obtain direct verification in compression 


practical effect of this change of modulus as applie 
he rh 


] 
i+ 


rt toe 
a) True stresses in compression are somewhat higher 
than the values given by the usual formulas. A sufficiently 


lal & 
results may be obtained by first computing the maximum stre 
jetermining the per cent difference between the corresponding 
modulus as of zero stress. The percent error in stress will be 
the per cent difference in modulus. 

The increasing stiffness in compression with increa 

wunterbalances the decreasing stiffness in tension, so that 
in bending or torsion will be almost unaffected by the variatior 

c) In high-strength, highly elastic materials, such as are 

e, when selecting values of elastic limit from tensile stress-strair 
for the curvature. 

The Schenectady Tests have confirmed the general principl 
elasticity in tension as a result of previous Overstrain 1n tension 
for more or less erratic variations in stiffness of springs sp 
uppears to be an important reason for a hidden saf ety fac tor in ( 
stresses in highly overstressed areas to be appreciably smaller t “a in 
smount of this decrease in modulus with overstressing is evi a. 
materials, and naturally depends upon the previous history of the n 
dificult to give numerical values, except in general terms. 

An article in Japanese published last year by Tadashi K 1wai 
no. 7, pp. 177-201; abstract in the Journal of the Institute of Met 
an extended study of this effect. 

Of apoacr interest to ee are the following remarks b 
No. 7 (the italics are ours 

“Certain other difficulties also inhere in the nature of the 1 

purposes of this work it was desirable to distin guish is f 
elongation, which occurs instantaneously or nearly so; the pl 
set,’ which is a function of time, but apparently an irregular 
then starting again with but little evident cause; and the elasti 

gradual elongation on loading, followed by as gradual a recovery to original lengtl 
loading.* It is accompanied by mechanical hysteresis or ‘back error,” but the 
more or less independent in character.” 


(f) Temperature Errors with Spring and Diaphragms 

Years more might have passed without thorough research on the tempera 
ture coefhicient of the modulus of rigidity of pressure instrument springs; 
but the life-and-death importance of such springs in the pressure instruments 
used on aircraft has led at last to the issuance by the National Advisory 
Committee for Aeronautics of Report No. 358 on that subject, by Drs. 
Brombacher and Melton. 


This is only a starter, since the investigators report only on torsion pzndulum experiment 
and since under their conditions of experimentation the effects of ir | damping 
negligible. Liquid bath temperature experiments on actual springs 


———————— 


*An investigation ot the characteristics of this elastic after-eff 


reported by the Committee 
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future. We believe that even more light might be shed on the subject by devising 
f experimentation that would show up the effects of internal damping. The 
tell is to try. The report is so recent that the following extracts (in which the it 
ours) may be news—in more ways than one 

The temperature coefficient m is defined by the relation 
1 dG 
G, dT 
in which G and G, are the moduli of rigidity at the temperatures T° C and O 
differential dG/dT was found to be a constant except for two metals. The effect 
treatment on m was determined for a number of the materials. It was observed tl 
stress affected the values of the modulus by amounts of 1 per cent or less 


™ 


. It is well known that the indication of an instrument depending upon the deflect 
elastic element, such as a diaphragm or spring, varies with temperature in properly 
instruments the major part of this variation is due to the variation of the elastic m 
temperature ... There are no data on many of the commonly used alloys... A 
portant point is that for the most part investigators have secured data on annealed sp 
while the elastic elements of instruments consist of hardened materials .. . Values 
temperature coefhcients of elasticity are not given in current handbooks of physical 

. . This paper gives the results of experimental work thus far completed at the Bu: 
Standards. The data include (a) values of the temperature coefficient of the m 
rigidity of a number of common materials, (b) values of the rigidity modulus at 0°C 


*But see references at end of this section 


TABLE XX—TEMPERATURE COEFFICIENT OF THE MODULUS ( 
RIGIDITY IN TEMPERATURE RANGE —20 TO +50°C 
Brombacher and Melton, N. A. C. A. Report No. 358 





. 0.3 Temper 
Material Composition, per cent Condition of coefficient 
specimen 10 
Aluminum Annealed —100 t 
Al 99.5 Half-hard 
Duralumin ‘u 4.1 Heat-treated 
Unknown 
Monel ‘u 26, Ni 70.2 Hard-drawn 
“u 28.9, Ni 67.7 Annealed 
Brass “u 63, Zn 35, Pb 1.8 . Hard-drawn 
‘u 62, Zn 35, Pb 2.6 do 
60, Zn 40 Unknown 
Phosphor bronze... Sn 3.9 Hard-drawn 
on 7 Unknown 
Coin silver “u 8.8 Hard-drawn 
Nickel silver *u 57, Zn 26, Ni 15.5 do 
do Heat-treated 
do Tempered at 200°C 
Drill rod steel > 1.38 Heat treated 
Oil tempered steel.. C 0.70 Heat-treated spring 
wire. 
Piano wire > 0.86 do 
do Hardened 
Annealed. 
Chromium vanadi- C 0.55 Heat-treated. —26 
um steel. do Quenched, tempered 
at 300°C, 
50 Unknown 
do Hardened 
chromium molyb- C 0.54 Unknown 
denum steel. do Hardened 
Stainless steel > 0.81 Quenched, tempered 
at 200 to 500 ia 
do Quenched, tempered 
at 600°C. 





1All values in this column to be multiplied by 10-5. 
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The books reviewed in this section can be supplied by 


the Instruments Publishing Company 


Recuer FUR Druck uND Mence. By Guido Wunsch. R. Oldenbourg, 

Munchen, 1930. Cloth 814 x 5% inches, 207 pages. Price 13 RM 
1XI/2 pag 
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Measurement 


of Air Flow 


E. Ower, B.Sc. (Lonp.), Hons.I., A.C.G_] 
Member of the Institution »f Heating and \ 
Assistant in the Aerodynamics Department 

National Physical Laborators 


CHAPTER VII (Cont'd 


Case 1—Mechanical Friction Neglected.—Let Pp 
(Fig. 38) represent one blade inclined at an angle @ to the wind 
direction RO, and let O be the centre of pressure of the bl 
It should be noted that the blade is rotating in a circular | 
perpendicular to the plane of the paper, and that at the instant 
under consideration the blade is at the top of its path and movi 


to the right with a velocity v along OS, perpendicular t 
[he blade speed v will be such that th 


sultant of V and v lies along OP, and there will be no resultant 
force perpendicular to the plane of the blade, 


wind direction. 


Le. 1 V tan 6 | 
and N Cv = CV tan 6] 

Case 2—Mechanical Friction Included.—The velo 
diagram when mechanical friction is taken into account become: 
more complicated, and it is necessary to consider the f 
acting on the blade. PO (Fig. 39) will still move along OS 
perpendicular to the wind direction, but at a lower speed 
such that the resultant of V and v, i.e. the wind speed V relatiy 
to the blade, will now, when the motion has become stead) 
be inclined at an angle ¢ to the plane of the blade. The blac 


itt 
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; becomes a flat plate inclined to the wind at an effective 
incidence é, and there will be a resultant force F on the blade 
acting along OW, inclined at an angle y to ON, the normal 
to the relative wind direction. The component of F along 
QOS, multiplied by the distance of O from the axis of rotation 
ind by the number of blades, provides the torque which over- 
comes the resisting torque due to mechanical friction. 

If, therefore, we neglect any change in velocity of the wind 
during its passage through the vane circle, and any inter- 
ference effect which one blade may exercise on its neighbours, 
we may use equation (1) to give us, for the blade under con- 
sideration, the following equation for I 


F KpV Ad. 


Resolving along OS, putting V? V2 v*, and equating the 
wind torque to the frictional resisting torque, we therefore 
have for steady motion, 


| KpdA(\ v*)mr COs (6 } ; . - (4) 
Also, from the velocity diagram, 


V tan (6 


We shall find it convenient at this stage to consider the 
practical aspects of the equations so far derived. It will be 
apparent that the speed of rotation of a given set of vanes will 
be determined not only by the wind speed, but also by the 
mechanical friction introduced by the spindle bearings and also 
by the gearing. In the ideal case where friction is entirely 
absent the calibration curve of the instrument, i.e. the curve 
of indicated wind speed against true wind speed, would be a 
straight line passing through the origin—see equations (3) 
whose slope would be determined (once the gearing ratio is 
fixed) by the inclination of the vanes to the wind direction. 
In practice, however, friction exercises an effect which is felt 
mainly at low speeds when the aerodynamic forces on the vanes 
are small. At high speeds, when the relative effect of friction 
is small, ¢ becomes small compared with 6, and we see from 
equation (5) that the calibration curve of the instrument will 
be practically linear. At low speeds ¢ is comparable in magni- 
tude with 6 and 7 will be zero at a certain low value of V when 
¢ becomes equal to 6. 

Actually the behaviour of all well-made anemometers fully 


substantiates the above reasoning. The usual type 
bration curve for such instruments is illustrated in Fig. 40 
At high speeds the curve exhibits no sensible departure from 


1 


linearity, but at low speeds it bends over somewhat in the 
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manner shown, the abscissa OA representing the tru 
speed at which the vanes just begin to turn, that is the li; 
speed at which @ becomes equal to 6. The magnitudes 
wind speeds corresponding to OA and to OB (above whi 


curve is linear) vary, as is naturally to be expected 
different instruments; in the author’s sensitive low 
anemometer, to which reference has been made above, OA 
found to be about 0-6 and OB about 1-0 feet per second 
The friction torque T in equation (4) cannot be com 


Indicated Wind Speed 





ore 


True Wind Speed 


r'ypical calibration curve for vane anemometer. 


from first principles ; it will obviously depend upon the « 
struction of the instrument, and so will have to be determin 
separately for each anemometer by experiment, if a knowl 
of its magnitude is required. The necessary tests, however 
are simple, consisting, as they do, only of a calibratio1 
establish the relation between v and V for a number of val 
of the wind speed V. The torque T for a given speed V ca 
then be calculated by the use of equations (4) and (5), 7 be 
taken from the calibration curve, and the values of K 
being obtained from Figs. 36 and 37 at the values ot ¢ « 
lated from equation (5). 

Now the torque T is made up of two components, on 
to the weight W of the moving parts, and one due to th: 
thrust of the spindle on the rear bearing, arising from t! 


component P of the resultant wind force acting along th 
direction. Hence we may write 


T = pWr, + uPrp, 


where y is the coefficient of friction, and 7, and 1, 
effective radii, whose actual values do not concern us. ; 
the forces n.W and uP act. 

If, as is generally the case, the bearings are cylit 
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justifiable to regard yy and ¥y aS Constant. If, further 
ssume that p is constant, we may, since W is constant 
6) in the form 


hP, 
g and /i are constants. 

| is given by equation (4) and can be calculated from the 

iibration curve, as already shown. Similarly, P will be 


given by 


P KdpA(V* + v*) m sin (6 ! . . (8) 


and is calculable in an analogous mannet From (7) we may 
expect a curve of T against P to be a straight line, from which 
the values of g and 
h can be determined. 
Values of T and P for 
the low-speed anemo 
meter previously men- 
tioned have been calcu- 
lated and are plotted 
in Fig. 41. It will be 
seen that, except for 
the small values near 
the origin—correspond- 
ing to values of V below 
I foot per second—the | 
points lie well on a 
straight line, which 
gives values of g and 
h of 16 x 10° and 
‘0 X 10°? respectively. The departure from linearity at low 
speeds may be due to a variety of causes which are discussed 
more fully below. 

The values of T and P plotted in Fig. 41 are given in the 








10 20 
Px10° - Pounds 


FIG. 41 


following table. The mechanical constants of the instrument 
FABLE VIII 


Wind Speed V, Tr x 108 P «x 10° 
Feet per Second. ounds-Feet. Pounds 


| 
| 
| 


2° 40 
2°08 
3°4- 
3°35 
4°15 
5°39 
6:69 
11°32 12°60 
16°95 13°95 





22°20 | 25°00 
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to which they relate are as follow 
A 0:00608 sq. It. } 7 OTIS te. 5 mM B20 
6— 45°; gear reduction (vanes to pointer) 
[ 192 * 1078 slugs-ft. units. 


Effect of Variations of Air Density.—We may tu: 
to a consideration of the effects of variations of atm: 
density on the readings of a vane anemometer. We | 
ready seen that these effects are likely to be mainly felt 
wind speeds, so that if an anemometer is employed 
measurement of such speeds, for which purpose it has an « 
superiority over other types of air speed measuring inst! 


errors may arise on account of the fact that when m 
ments are being taken the air density may differ fror 
existing at the time when the instrument was calibrat« 
which conditions only the calibration curve is strictly valid 

Ihe calibration curve or certificate accompanying 
anemometer should, in the case of an instrument inte! 
for low-speed work, bear a note recording the atmosplhi 
density at the time of calibration. We shall assume also t! 
the linear speed of the vanes v is known for each value of t 
wind speed V, since, although the calibration will be give 
terms of revolutions per second for a series of values 
it is a simple matter to deduce v from these figures a1 
gearing ratio and the dimensions of the instrument 
if N is the rotational speed of the pointer at a wind spec 

N 

C 
where R is the gear ratio of reduction between the vant 
the pointer. 

The radius r (see list of symbols, p. 111) may be taken wit 
sufficient accuracy as the radius of the centre of area of a | 
from the axis of rotation 

The problem we are now considering is the dete rmin 
of the effect of a variation in p on the value of the blade gs 
v. Let suffixes o refer to the conditions under which thi 
strument was calibrated, and suffixes I to the conditions ur 
which measurements are being made, i.e. when the air det 
has changed from py to p,;. For a given wind speed V, 
linear blade speed v, can be obtained from the calibrati 
curve when the density is po, and the resisting torqu¢ 
given by 


2nrkn, 


le KodhoPoA(Vo2 + v92)mr cos (0 — dy 


and the end thrust by 


Py = KodgooA(Vo? + v92)m sin (0 — do 
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Also, from (7) 
To = 2+ AP . 


Now suppose the air density alters to p,. At a certain value 
V, of the wind speed and a corresponding value v, of the blade 
speed, the torque T, will be the same as before. 
[hat is, 
ly | ls oe AP, . lr’, ia hP,, 
from which it follows that 
Po = FP. 

Hence 
K opoA(Vo2 + v92)mr cos (8 — Jo + yo) 

K,¢,p,A(V,? + v,?)mr cos (6 
and 
K yboPoA(Vo? + Uo?) m sin (6 do + Yo) 

K,¢1p:A(V,? + v,?)m sin (@ — d, 
Dividing (10) by (9), we obtain 

tan (0 — do + yo) = tan (0 — J, + yy), 
so that do—Yo=O— Ve - : . (11) 
Now y is a definite function of ¢, so that (11) can only be true 
if do = ¢,, and since 


= tan (6 — ¢p), 


Up 
V 0 


and v. = tan (0 — 4,), 


the equality of 4, and ¢, leads to the relation 
Uo V1 | 
ee ae ' . {i 
VY. Y, “7 
Also, since K is a function of ¢, Ky = K,. Hence equation 
(9) reduces to 


Po( Vo? + Uo”) = pi(V,? + U,%), 
and, putting in the condition represented by (12), it is easy to 
see that 


os 

/Po 

pea ‘ , . (13) 
Pi 

This equation indicates a ready means of deriving the calibra- 

tion curve of the anemométer at density p, from that given at 
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density po, since the interpretation of (14) is that a point ( 


on the p, curve becomes the point (voy Vo\ 7) on 
1 1 


curve. Hence a point P’ on the new curve can be obtained fr 
any point P on the original curve, by joining P to the ori; 


OP’ P 
‘ sno > line » ” ss : - 
and producing the line OP to P’, so that OP Vo, 


Fig. 42). 

Except at the lowest speeds, the original calibration « 
will generally be a straight line whose equation may be expressed 
in the form 


v pV r qd, 


where # and g are constants. 

It is easy then to show that the corresponding portion of thy 
calibration curve for density p, will be.a parallel straight li 
whose equation will be 

pV | go 
Pi 
Hence the linear portion of the new curve can be derived f: 
that of the original curve by obtaining one point in the manne: 
indicated above and draw- 
ing a parallel line through 
this point. 

Generally, the calibra- 
tion curve will not be ex- 
pressed in terms of v, the 
linear blade speed, but of 
N, the rotational speed of 
the pointer. This will not, 
however, invalidate the 
above argument ; its only 
effect will be to alter the 
values of the constants p 
and g in (15) and (16) 

In practice it is not necessary always to draw a new call- 
bration curve each time the value of the density changes 
The air speed corresponding to an observed rotational speed 
can be obtained by calculation as follows. The calibratio 
curve, obtained at density po, will be given in terms of the tru 
wind speed V and an observed quantity, which we may denott 
by X, which will be the rotational speed of the pointer, or 
“indicated air speed ”’ if the dial is graduated in feet. In 
latter case, X will simply bear a constant ratio to the rotational 
speed, so that the two cases are in effect identical. Suppos 
now that the quantity X is observed when the density is 
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The corresponding value of X when the density is py will be 


Po , j = 
speed, as determined from the calibration curve. The value 


of the wind speed required can then be shown to be equal to 


X Vo and this will correspond to a value V of the wind 


Vy Po To summarise, therefore, the procedure is to multiply 
Pi — 


the observed value of X by ot ; to read off the value of V 
0 


corresponding to this from the calibration curve ; and finally 
to multiply this value of V by \/P 
1 

It will generally be found that density corrections may be 
neglected unless the density changes are of the order of at 
least 5 or 6 per cent., except possibly for accurate work at 
very low speeds. Density changes of this magnitude rarely 
occur under ordinary conditions, but may easily be experienced 
if the anemometer is used under conditions of climate and alti- 
tude differing appreciably from those under which the calibra- 
tion was made, or if the instrument is used to measure the flow 
of hot air. 

[he above methods of correction for density changes have 
been derived on the assumption that the friction torque can 
be expressed in the linear form of equation (7). This is prob- 
ably not quite true at the lowest speeds, but the method of 
correction will be found even in this region to give sufficiently 
close approximations to actual conditions. 

Optimum Blade Angle.—We may now consider another 
aspect of the relation between the frictional and aerodynamic 
forces acting on the vanes of an anemometer. When the wind 
speed is such that the vanes are on the point of commencing 
to rotate, the angle ¢ will become equal to the blade angle @, 
and v will be zero. Hence equations (4) and (8) become 


T = KépAV2mr cos y, 
and P = KépAV2m sin y, 


so that, writing I in the form of equation (7 

KO@pAV2mr cos y = g + AKO@pAV?m sin y, 
or pAmV?(K@r cos y — AK@sin y) = g. . . (17) 
We may use this equation to determine theoretically the angle 
at which the vanes of an anemometer must be set in order that 


they may commence to rotate at as low a speed as possible. 
For, since g is constant, the left-hand side of (17) 1s constant, 
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and if V is to bea minimum it follows that K@(7 cos y 
must be a maximum. 

A complication is introduced by the fact that the dep. 
from linearity of the curve of Fig. 41 at low speeds show 
i cannot be taken as the slope of the linear portion wh 
are considering, as 1s the case at present, conditions j 
neighbourhood of zero rotational speed. The variatior 
the straight line law of equation (7) between friction t 
and end thrust at very low rates of rotation may be duc 
change of the coefficient of friction y in this region. Litt 
known about the coefficients of friction between solid sur 
moving at very low relative speeds, but there seems 
some evidence, slight though it is, that the value of pw bet 
surfaces at rest may be different from that when the sur 
are moving relatively to one another. Further, for all except 
very slow relative motions yp is found to be approximately « 
stant, and independent of the speed. It is, then, possible t 
in the transition stage from rest to motion pw changes rapid) 
continuously from its constant static value to its cor 
dynamic value. If thisisso, when the vanes are just commer 
ing to rotate, uw is probably not the same as it is when they 
in steady motion, and this will furnish one possible caus 
the deviation of the low-speed points in Fig. 41 from the 
through the other points. Other causes that may concei 
contribute to this departure are variations in the type of 
of the air past the blades that may occur at very low 
speeds, and the interference between the blades that may t 
to become more pronounced as the rotational speed be« 
smaller in relation to the wind speed, that is, as the effecti 
incidence ¢ of the blades becomes larger. 

Whilst, therefore, any application of equation (17 
determine the optimum blade angle cannot, in the present 
state of knowledge, be regarded as rigorous, some useful 1! 
dications are nevertheless supplied. If we attribute the \ 
tion in the straight line law between T and P at low wind speeds 
entirely to changes in pz, we may proceed as follows. Let 
write pa, for the constant value of u at the higher speeds 

for its value when the vanes are just commencing 
rotate. Since u« is no longer to be taken as constant, equat! 
(6) must now be written in the form, 


| peg’ + h’P)., 


where g’ and /’ are constants. 
If T,,;, and P,,,, are the values of T and P when the 


are just on the point of commencing to rotate, equatio! 
be comes 
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; ” i 
aks Lmin(2 + h’ I mies} ’ 


and, at the higher speeds, we have 
T eT + h'P), 
where 2'Umax = £ in equation (7), 
and h’ max = A in equation (7). 
arn 


From (I¢ ‘ +f 

)) P-emin 2 + h a 
a 
i. ae 


so that h ‘Pate 


~ h’P 


Multiplying and dividing om max, We have, therefore, 


min 


min 
min o’  * P ; s: a (20) 
5 bmax 1 bemax min 


Rh’ tunas 


hh’ 


Now h’pmax and g’umax are, aS we have seen, equal to A and 
g respectively in equation (7), that is, they can be obtained by 
plotting T against P as shown in Fig. 41. Also Tying and Prin 
are the values of the torque and end thrust when the vanes are 
just commencing to rotate, and can be calculated by putting, 
in equations (4) and (8), ¢ =o and v=o, and reading off 
the value of V at which the calibration curve between v and 
V cuts the V-axis. Hence h’y,,;, can be calculated by the use 
of (20) 

Returning now to equation (17), we see that for the best 
blade angle KO@(r cos y — h'pnin SIN y) Must be a maximum, 
the quantity /’y,,;, being equal to the value of / when the vanes 
are on the point of rotating. At this value of the rotational 
speed, namely, zero, the angle of incidence of the biades to 
the wind is given by @, their geometrical incidence, so that K 
and y can be obtained directly for a given value of @ from the 
data of Figs. 36 and 37. The quantity 


K 6(r cos y — A’pmin SiN y) 


can thus be evaluated for different assumed values of 6, and 
will be found to exhibit a maximum value for a definite value of 
§. This angle will therefore be the angle at which the vanes 
should be set in order that they may rotate at the lowest 
possible speed. 

For the author’s low-speed anemometer we have already 
Seecnat Ap... = h = 8-0 x 10-* and g pas = £ =1°6 X I0~*. 
Also, from Table VIII., T,,;, = 2°46 X 107% and Pj, = 2°17 X 1075. 
Hence, from (20), h’pmin Will be found to be equal to 0-059. 
For this instrument, also, y = 0-115 feet, so that the best blade 
angle for this type of anemometer is that at which 
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K 6(0-115 cos y — 0°059 sin y) 


is a maximum. In Fig. 43 this quantity is plotted agai: 
and it will be seen that the maximum value occurs at @ 


which is therefore the best blade angle as indicated | 
theory. 

Actually, from experiments made by the author, th: 
blade angle for an anemometer appears to be about 4o 
these experiments, a series of tests of the minimum 
speed at which the vanes would rotate was made wit 
instrument whose vanes were successively adjusted to ea 
a number of angles of incidence. In view of the remarks mad 
above on the uncertainty regarding the variation of frictional 
and interference effects that exists at these very low speed 
the discrepancy of about 9° between the theoretical and ex. 
perimental optimum values of @ is not regarded as excessivy 


h km as ny) 


So 


i 
~ 
w 
1°) 
we) 
& 

tor 

D 

x. 





The instrument on which the tests were made was fairly r 
presentative of vane anemometers in general, and it may b 
taken that in all such instruments the blades should be set a 
40°. The author’s low-speed anemometer was designed befor: 
the theory was developed, and its blade angle of 45° was fixed 
arbitrarily. A similar instrument subsequently construct 

with a 40° vane angle was found to commence rotation at 

wind speed definitely lower than that at which motion of the 


original anemometer commenced. 
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Working Viscosity” 


H. L. Hazeltine 


N the article on Viscosity Measurement of Paints and Varnishes pub 

lished in a preceding number of Instruments, the reader was cautioned that 
this test should be used only to indicate the constancy of different ship 
ments of the same material. While it is important that a paint or varnish 
should have as near the same viscosity as possible at all times, yet it is just 
as important from the standpoint of selecting materials that some means 
should be provided whereby the 
flowing characteristics of different 
The Sterling Varnish Co. | products can be compared. In de 


fee Si. %28-9000. Light Peper e 


SLIP AND INSULATION signing such a test however, careful 
consideration should be given to the 
method by which the material is to 
be applied so that the results may be 
readily interpretable in terms of the 

work to be done. In the case of coat 
aie nities a oe ings that are to be applied by the flow 
Deduct Weight of Paper - 2.49 method—-where the piece to be 


Charge No. 6088 Grade Elastic Blk.Bak | 
Date Completed 9/5/29 Tested 9/5/29 
Sp. Gr...847 Vis. 9,0 

Specifications— Dry, Dig, — 


7 r 16 Hoursat 100° ¢ 


Weight of 60 Square Inches of Coating 7. 33S treated is immersed in the liquid and 
Slip in 10° 1 Sows upon withdrawal the excess flows 


at 10 back into the tank or the reverse 
.0066.%" lint, 00867" line, 010 12° tine ' 
where the part to be treated is held 


stationary and the coating flows 


across the surface—the draining or 
flowing characteristic becomes of 
great importance. 

In shops where this process is 
usually used speed of production is 
generally vital. Hence in order to 
reduce the number of applications to 
a minimum it is desirable that the 
material shall deposit a film of maxi 
mum thickness consistent with even 
distribution. As has already been 
stated, this depends upon several 
variables such as viscosity, specific 

gravity, percentage of base, etc., the 
4" exact relation between which can 
not be definitely established. 

The following test was devised in the laboratories of The Sterling Var 
nish Company for use in connection with insulating varnishes. It has in 
recent years received considerable recognition by various testing organiza 
tions among them the American Society for Testing Materials which has 
included it in its Tentative Specification D-115-29-T. It is interesting 
for other types of materials aside from insulating varnishes. 

It has its basis upon the fact that when an article is dipped in a liquid, 
the liquid tends to run off thin at the top and to accumulate into a thicker 


( 








*This is the fifth of a series of article H.L.Hazeltine, Engineer of Insulation for The Ster 


Company, Haysville (suburb of Pittsburgh) Penna. 
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coat at the bottom. This difference in thickness is generally ca 
“slip.” 

Test sheets are first prepared from bond paper 18” long by 4” w 
214 mils thick. A line is drawn across the paper 14” from the bott 
the “trimming line.” Three inches above this another line is drawn t 
the “12” line.”’ Five inches higher another line is drawn marked th 
line” and five inches above this another line marked the “2” line.” 
inches above this still another line is drawn and called the “dipping 
Observe that it is exactly ten inches from the 2” line to the 12” line 
distance is divided in the middle by the 7” line. 

Test papers thus prepared are dipped in the liquid at the consister 
supplied up to the dipping line and withdrawn vertically at a slow uniforn 
rate of speed. Care should be taken that the liquid is free from air bul 
After draining thoroughly the specimens are then allowed to dry in 
room temperature in case of an air-drying material or in a baking over 
baking product is being used. Measurements of thickness are then taker 
by means of micrometer calipers at the 2”, 7” and 12” lines, no allowance 
being made for thickness of paper. The difference between the thickne 
at the 2” and 12” lines will be the “slip of the non-volatile in 10”” or as we 
have called it the “working viscosity.” The less the difference betweer 
these measurements, the more uniform will be the deposit in actual prod 
tion where pieces are treated by the flow method. The thickness at 
three different points can be used as a basis of comparison with other n 


+ 


terials to indicate the comparative thickness of film that will be deposited 


An examination of the surface of the sheets will show whether the flow 
of the coating has been satisfactory. There should be no wrinkles or thick 
spots of any kind. The sheets of paper after treatment should be perfectly 
smooth and level throughout with no wrinkles and no thickening noticeable 
at any point other than the wedgelike increase due to the slip and this slip 
should run uniform throughout the tests made. 


R. P. Kenney has been appointed sales manager of Jas. P. Marsh & Con 
pany in the Pittsburgh district, it is announced by A. D. Rose, gener 
sales manager, Chicago. Mr. Kenney’s headquarters will be at 112 
Empire Building, Pittsburgh, Pa. The Marsh company, which is a divisiot 
of the Commercial Instrument Corporation, manufactures heating systems 
and units, industrial instruments, automatic air valves and gages. 


Ford owners doubtless will welcome a combination oil and heat indi 
gage that fits and matches the new panel perfectly, which recently | 
been introduced to the trade by the Tiffany Division of the Connecticut 
Telephone & Electric Corporation. 

The two instruments function separately and keep the driver infor! 
at all times of (1) variation in the temperature of the engine and (2) incorrect 
conditions due to a clogged oil line, excessive dilution, inefficiency of the 
circulating system, or loss of oil. 
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NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 


Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for additional Information 
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New Output Meter 
(Weston Electrical Inst. Corp.) 


HE Model 571 Output Meter is a rugged portable instrument that is especially useful in 
checking radio sets, sound projection equipment and public address systems during both 
manufacture and servicing 
A few typical examples of its uses are as follows: 





) tubes 
gain when a calibrated input \ 


ar 


>quipment of the Model 571 Output 
OUTPUT METER “s meter consists of a five range copper oxide 
So renew rectifier type voltmeter enclosed in a sturdy 
Bakelite case. The ranges, 150, 60, 15, 6 
and 1.5 volts, are brought out to two binding 
posts through a dial range-selector switch 
which is mounted on the front of the instru 
ment. 


The Model 571 has a non-inductive im- 
pedance of 4000 ohms for all ranges, this 
value being used to conform with N. E. M 
A. specifications. The instrument can be 
connected directly in place of a magneti 
cone type) speaker or of a dynamic speaker 
having a self-contained transformer. If, 
however, the instrument is to be substituted 
for the voice coil of a dynamic speaker it 











must be shunted by a resistance approximat 

ing that of the voice coil. If the speaker is left in the circuit the meter may be connected 
directly across the voice coil or across the primary of the transformer 

Since the impedance of the instrument is constant for all ranges and the output voltage is 
measured directly it is easy to compute the power output of the radio set and adjustments car 
be made on the set to give the highest operating efficiency 

Size: 5144x35¢x 2 in.; scale length: 2.36 in.; approximate weight: 1 pound 10 0z.; 
ranges 150/60/15/6/1.5 volts 


Pit 


Visco-Meter 


(Visco-Meter Corporation) 


HE doubtful method of checking motor lubrication by means of oil pressure and oil level 
gages, and speedometer readings, is successfully replaced by Visco-Meter. This device 
is substantially built and installed on the side of the crankcase, with a gage mounted on the 
nstrument board in full view ofthe driver. Visco-Meter is not a pressure gage, nor af 
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I ranch 
( apill iry resistar 


mnnected with t! 


passes through the 

le resistance. Thu 
k-pressure on the regi 

ites low viscosity When t 

1s it does not pass through tl 

GAUG -asily > capillary offers more resi 

CLEANING PLUG : I *ts up a back-pressure on the regi 

dicates greater viscosity 
fleet owners who hav 
Meter equipped motors claim an 

CAPiLLARY—| . ible saving from them. For besides defi 
ORIFICE : - protecting the motor against the many lu 
pea ge jisorders that cause costly repairs, Vi 
CHAMBER | oy Meter af ds a scientific basis for char 


1 I . ] u i Thi device also shows 


> dilution from badly 
AUTOMATIC c a wo ‘tor. oil leaks. fat 
UNLOADING - ) 3 Of mot r, Oll leaks, faul 
VALVE i 4 langer y low pressures 


Black Back Mercury Thermometer 
Tubing 


(Scientific Instrument Co.) 


Q' JICK accurate temperature reading 4 Major requisite on all 
ment and the development of a merc thermometer to meet 
his black back thermometer tubing 

Thermometers are necessarily d > in ments, made of glass, and therefore n 
placed in such pl that they will not be easily broken—usually on the side of an 
where the light 

It was with this thought in mind that this black bac was developed as the t 
in a dimly lighted place has much t ect on th ck background as a lumi 
dial on a watch, in fact can see the mercury from 15 to 20 feet away, further thar 


can read the figures on 


e mercury on > black background eliminates any confusi 
1 other types of tubing using as a background a color that is the 
color as a liquid used in making some types of thermometers and, further, the mer 


though showing the best directly in front, can be seen at an angle of 60° either side 


The silver color of tl 


' 
reading, as is the case wit 


This type of thermometer can be made ei 1 lens front or round tubing as u 
making laboratory chemical thermometers 
This thermometer tubing is the same as standard white back tubing in every way ex 


the black background is substituted for the white background 
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Burgess Acoustimeter 


(Burgess-Parr Company) 
HE Burgess acoustimeter is a recently developed instrument for the measurement 


ind intensity It may be equipped either f he measurement of air-borne sounds 


ibrations existing in structural parts 

t is of such great sensitivity that it can detect and measure accur 

se intensity is at the threshold of audibility, and g 
‘tensities throughout a range of 70 decibels. Its response is practically uniform through 


I iffcient range to measure soun | 


Ids 5 


juency range from 30 cycles to 8,000 cycles 








> 


Measuring office noises by means of a Burgess Fig. 2 
eter. Arrow indicates microphone. locate. the 
The sensitivity, wide frequency range, and adaptability to the measurement of either air 
borne or structurally transmitted vibrations, make the Burgess acoustimeter pa ly 
suitable as a research instrument for acoustic studies. Among the problems to wl 
instrument has been applied are the measurement of noises caused by gears, pumps, motors 


ind ventilating ducts, the silencing ability of automobile mufflers, window ventilators, etc., 


11 


the preparation of city noise surveys, and the study of detonation in internal combustior 
Other fields of utility are the study of loud speaker charactersitics, the investiga 
tion of the acuity of hearing, the determination of sound absorption coefhcients, periods of 
reverberation, and other allied noise measurements 

The acoustimeter proper consists of a specially designed vacuum tube amplifier, a 
control whereby the amplification may be varied in steps of 5 decibels, and a sensitive indi 
ing meter. Means are provided for calibrating the amplifier and meter system by \ 
a 110 volt, 60 cycle current. The unit, with C batteries installed, weighs app 
50 lbs., and is contained in a portable fabrikoid covered case 

The pick up used for the measurement of air-borne sounds is a Jenkins & Adair condenser 
microphone calibrated to the particular acoustimeter with which it is used. Sound energy 
entering the microphone is transformed into electrical energy and transmitted to the amplifier, 
where it is indicated by the meter. 

The Burgess No. 25 Pick-up is a rigid coupled device opera 
ciple. It is attached firmly to a vibrating unit, such as for example 
The existing vibrations are transformed into electrical energy, whic] 
timeter circuit and indicated on the meter. An extension rod | 
so that the unit may be used to probe for vibrations in machinery 

Various types of filters to separate one group of frequencies fr 
and can be installed either as internal or external accessories 


—eor< 


New Standard Data 
A new compilation of data entitled, Measurement Units and Standards, is issued by 
American Institute of Weights and Measures, 33 Rector Street, New York, and a copy 
this book may be obtained gratis by applying to the Institute, William E. Bullock, Secret 
In addition to the data on units and standards, the book contains an article recommer 
timex and spacex as names for the Einstein specialization of b time ¢ vace. It 
contains a useful description of the difference between a unit and a stand 1 by 
lack of unanimity existing in reférence publications 
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Saturation Controller 


(Foxboro Company) 


9 her instrument, known as the Saturation C 
of correctly saturating natural gas to prevent 
any line formerly used for the distribution of mam 
The operating principle of the saturatior 
other. Basically it is a wet-and dry- bulb ¢ 
maintained by the wet-bulb thermal system 
A hookup is po 
1 the same steam aspirat / le of the saturated gas i 
slower which circulates it over the wet bulb thus insuring 


=" 


BULB 


BLOWER 


FOR F NC 





be 
=O STEAM ASPIRAT 
3 Ff c J 
4 eg ore , 


LA 


evaporation. The dry-bulb thermal system operates a power n 

ment which resets the saturation point to conform with changes in temperature 11 
This means that changes in the gas line temperature will constantly reset the sat 
so that the gas will always be saturated at the gas line temperature. This isa very imy 
point for if the gas is not practically saturated it will eventually dry out the line 
excessive leakage, and if it is saturated at a temperature higher 
will cause condensation troubles 


tura 


thar 


articular service 
air is unnecessary since the controller can tl > 
> Ih 


line if that pressure is 2 lbs. or over. 


New Tapley Safety Brake Meter 


(Burton-Moore & Lush) 


HE Tapley Brake Meter is an accurate instrument to aid the public safety movement 
better brakes. Produced by arrangement with the manufacturers of the larger Tay 
Brake Testing Meter used in the United States and Canada by police ofhcials, registrar 


motor vehicles and car manufacturers, this smaller instrument represents an engineet 
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permane 
accuracy, ease of use, and small size. 
The movement is governed by a small 
phor-bronze ball inclosed in a pivoted d 
tube When the brakes are applie d, the stored 
up energy of the ball due to the motion of the 
car, is released and it rolls up the inclined tube 
passing the pivot, tilting the tube and holding 
it in its registering position 
It is easily and quickly applied to the dash of 
car by means of a saealalie constructed 
lap cl imp att ached to the back The pointer 
it the left is first adjusted to coincide with the 
stopping distance feet desired as the basis 
for test, while the car is standing on level ground 
or garage floor 
The orange col red indicator marked ““O.K.” 
is attached to the bottom of the tilting tube and 
will appear in the first or left window of the 
instrument only when sufficient braking power 
has been applied to the car to stop it in the dis 
tance equal to the original setting of the pointer 
A second tube with a green indicator at 
tached to its bottom is also provided, and this is 
so arranged that it will appear in the second 
window at the right when the braking power applied to the car is approximately 8% more 


than the pointer setting. 


1000-Volt “Super-meg” 


(James G. Biddle Co.) 


Bian is a light weight 
compact and relatively 
inexpensive instrument for 
testing insulation resistance 
up to 200 megohms at 1000 

It is especially in 
tended for use by power com 
panies, street railways, steam 
and electric railroads, and 
industrial plants for testing 
practically all types of 440 
and 600-volt equipment at a 
potential that is definitely 
higher than the working 
voltage. Also it is suitable 
for testing motors, generators 


and cables of 


higher voltage 

ratings where readings of 

insulation resistance do not 

normally run over 200 meg 

hms. On 22( » 110 id lower-voltage apparatus it conveniently provides a combined in 
sulation resistance di hig! 1 potential test. 

For testing transformers, bushings, insulators, etc. on igh ‘tension equipment having in- 
sulation resistance higher t than 200 megohms, our 1000-volt ‘““Megger’ Testing Sets continue 
to be recommended, because vag have ‘the neve ssary ranges up to 5000 megohms 

The drive mechanism has the “‘slip cl * device by whic ha a constant voltage is generated 
for the test so that large seca and sel cables with considerable electrostatic capacity 
can be tested, and steady, accurate readings obtained. The indicating portion of the instru- 
ment is a true ohmmeter—unaffected by the exact value of the voltage applied for the test 

To use the instrument simply make connections, turn the crank at about 160 r.p.m 
the clutch is felt to slip—z 1d re id the scale. 


t 
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New Design U-Tube Manometer 


(Meriam Co.) 





HE instrument consists of 2 separable parts—the head, which is permanently 
by the pipe connectors to the line; and the housing which carries the scale and t 
which may be readily removed from the | nscrewing nvenient wing nut 
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rats The wing nut engages with a \ 

* aoa ;| tud in the housing, and serves t 

rire he 2 parts of the instrument ir 
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q new instruments are ex] 
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4 " ases where dirt is carried over ft 

- pipe line into the instrument; or 
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1 
manometer or flow meter. The instruments are designe 
to 100 lbs./in.*, and may be supplied to measure any different 
50 lbs./in.2—or flows giving an equivalent differential 


i 
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Magnetic Strain Gage 


T the annual meeting of the American Society of Civil Engineers, Brian Wheeler 
strated a magnetic strain gage, in the course of development by the Westir 
t 


Electric and Manufacturing Company. 





While the small contrivance has a very prosaic appearance and gives no hint of its unlit 


nger in all kinds of travel, it can help engineers and 





value, it can reduce the element of d 
tects to design structures more skillfully and with a greater factor of safety, and it is « 


of measuring surely and accurately stresses and strains which have had to be compute 


only approximate results in the past. 


Engineers see in this gage a piece of equipment that should reduce the possibility of build 
failures, buckling of bridge trusses and similar catastrophes. Applied to railroad rails it 1 
only reveals the amount and location of strain but it is a device that will disclose certain 


in locomotive construction if they exist. 


f 


Mr. Wheeler demonstrated the gage attached to a small aluminum beam about 6 feet 
and weighing 11 lbs. It was shown that the device is so sensitive it will record differ 
readings when the beam is turned on its 2 flange sides and without the appl 
weight other than that of the light, exhibition beam. These readings are instantaneous 


visual, a feature which is regarded as a marked improvement over those types of strain g 





ication OF 


which require mathematical calculations 
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Mr. Wheeler ex pli uined how the wind pressure at any {| 
-asured by bolting the gage to steel members of the structure, 
t portion of the building is under stress or compression and then determining the amount 


strain required to withstand the wind pressure at the moment the reading is made 


OINt Of a MOdern skyscraper can he 


| 


letermining first whether 


Si nilar knowledge can be obtained on recording meters where changes occur slowly ar 
f gs must be made over a period of weeks or even months. It can be used for micrometer 





-asurements in the shop and it will give results of higher accuracy than those formerl: 


tained. 


While the gage is not available on the market, tests made by Westinghouse, particularly 
where changes of stress were at high rates of frequency, indicate it has potential value in 
scores of practical applications. Stresses have been recorded at the rate of 30 per second but 
this figure can be increased by speeding up the movement of the film of the oscillogr iph on 


which the curves are shown 





Mr Wheeler exhibited phi ‘tographs of such graphs as made on railroad rails and explained 
how 8 readings were made and recorded simultaneously on the head and >, inside at 

itside of each rail. These curves not only indicated the passing of e: el of a | 
motive, tender and coach but illustrated the lateral forces exerted by yes of those 
wheels as well as the vertical forces of the weight 

One graph indicated plainly that a certain mountain locomotive with 5 driving wheels « 
too long to be safe on a curve of certain sharpness and that its length and rigid constructiot 
exerted a tendency to turn the outer rail over on its side 

Gages on the rails also disclose the lateral oscillation of locom rding the 








pact and blow on the side of the rails. It is ‘also adaptable for simi s of | lates 
and joints of railroad and it is possible that the design of a better ar pe of ill be 
indicated by the series of observations possible with the new ga 

In construction, the Westinghouse gage is about 8 inches long with bolt holes in the 2 er 


The center section has 2 coils of wire which carry an electric current. A moving armature 
is adjustable within narrow limits and the slightest movement of this armature between the 
pole pieces changes the air gap across which the flux must pass from the 

ends of the armature. 


Three wires carry the current through the gage and either to the recording instrument or 
to the oscillograph where readings can z made or photographs taken as desired. The 
changes in the length of the air gaps upset the balance of the voltages acr 


beam or 
point to 
gage is atta 





By measuring these 
fluctuations in an ele 
tric current, this 
simple but sensitive 
mechanism will hel; 
to prevent railt 
wrecks, can condemr 
unsafe bri 
buildings. It can show 
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eat of death ar 
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remain un liscoverec 


Method of at tachi ng magnetic strain gages to a railroad rail so that stresses 
in both the head and the base of the rail can be measured simultaneously as the train 
passes above the point of attachment 
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New Strain Gages 


(F. F. Metzger & Son) 








Fig. 1 is an illustration of a 20” strain gage with a clearance of 2” under the frame to permit of taking 1 
ments on steel in concrete, or in structural steel work. This instrument has a range from 10” to 20” obtair 
means of clamp holding the punch, which can be set and fastened to any desired length between points. TI 


micrometer reads direct to .0001” per division with a maximum ot .030”. The frame is made of 36% nick 
steel. The holes in the punch bar are arranged for clamping the punch for distances of 10”, 15” or 20” lengths 


Fig.2 STRAIN GAGE CALIBRATOR 


m ' > ] ned ~he nv 
This illustration, with an 8” strain gage attached, is an instrument specially designed to check any mak 








tensometers up to 10” and will accurately indicate any differences of error in icrometer readings ov he 





range. The construction consists of a shaft sliding in a sleeve, both made of tool stee!, and the various spa 
accomplished by a knurled nut resting on bal 
tions. This shaft and micrometer screw are clamped by brackets to the upright bar in the base. The upper 


8 not fastened to vertical bar; it is held there in slidable contact to prevent the micrometer shaft from rotating 





searing which permits of a sensitive movement for the various 
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HE basis for these strain gages is the 

multiplying lever. Mechanical means 
have proven to be the most reliable, practical 
and quickest method with everything in 
open view before the operator. Readings 
of instruments of this type are accepted with 
confidence and assurance of correctness by 
inspectors. 

The levers are made of channel cross 
section for rigidity and lightness in the 
proportion of 1:10 with a knife edge bearing 
in V shape seats and held therein by a 
spring at the pivotal axis of the lever. 

The dial micrometers will read direct to 
.0001” per graduation and are especially 
adjusted for the required accuracy. The 
maximum range is 0.030” in extension or 
liniar deformation of specimen. Dial micro- 
meters reading to 0.00001” per graduation 
can be supplied. Twoclamps accomodating 
specimens up to 1”D. are furnished to hold 
specimens opposite the engaging points 





Fig. 3 is an illustration of an 8” strain gage with 
extension to 24” and having a clearance of 1” under the 
frame. This gage is specially constructed for shop use 
yn large castings to measure differences of deformation 
in machining. It can also be clamped to a casting by 
clamps provided with springs engaging the projecting 
pins in the knurled head screw of the instrument, and 
the differences of deformation are indicated during the 
process of machining. This instrument has a range 
from 9” to 24”, obtained by means of a clamp holding 
the punch in the extension frame which can be set and 
fastened to any desired length between points. The 

rt standard reference bar is used for resetting the strain 
AD gage for repetition of tests. First set the dial micro 
meter to zero with the gage pin in frame of the 8” instru- 
ment. Place the point of the movable lever in hole 
marked 0 on the reference bar, then set and clamp the 
punch in the extension frame to the required distance 
between points. The dial micrometer reads to .0001” 
per graduation with a total limit of 030”. To assemble 
the instrument to an 8” strain gage, remove the exten 
sion frame and point, then fasten the clamp holding 
the point into the end hole of the strain gage. The 
small collar is inserted to make up the difference in the 
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width of the strain gage. 
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New Smoke Recorder 
(Leeds & Northrup Co.) 


HE smoke recorder consists of a measuring chamber at the stack or breeching, a ri 
at any convenient location and an indicator at the boiler. 


The measuring chamber, through which the smoke passes, contains a lamp at 
specially constructed, temperature compensated thermopile at the other. Heat 1 


from the lamp passes through the smoke-filled chamber and falls on the thermopile. \ 


constant heat-source in the lamp, the amount of heat falling on the thermopile is ir 


one er 

















Above An installation. 
At left Recording instrument 


proportional to the density 
smoke. The heat from the 
which reaches the thern 
causes it to generate a V 
The measurement of this 1 
is the measure of the smoke densit 
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New Instrument Measures and 
Controls Heating Effect of 


Gases 
A. E. Krogh* 


WIDELY useful instrument for checking the heating effect of fuel gas has been de 
veloped by the Brown Instrument Company. The new instrument, which is called 

he Brown Flame Analyzer, can be supplied to measure, record and automatically contt 
on heating effect of any gas. With this instrument gas companies, industrial plants usit 
producer gas, and the many new plants supplying butane gas to small communities, are et 
abled to check and regulate the quality of their gas output with special reference to heating 
eit. In the many cases where it is necessary to dilute a rich gas, or enrich a lean gas, the 
flame analyzer equipment not only makes it easy to observe and record the quality of the out 
put, but makes possible a dependable automatic control of the mixture that will insure a 
uniform product. The value of such a device is self-evident imerous industries where 
gas fuel is largely employed, as well as being a boon to the manufactured gas field. To the 

; 





mini 
Mini- 





latter it will be of great assistance, providing gas of maximum utility to the consumer a 
mum cost; especially since the gas analyzer is of direct assistance to the operator of the gas 
making machines. 

















Fig. 1 Fi I 


However, in many industrial processes the Brown Gas Analyzer, particularly in its aut 
matic control type, can materially aid production. There are a great number of cases i1 
industry where the heating effectiveness of gas fuel is vital in manufacturing processes where 
great sensitivity to changes in the rate of he propagation are c: cpa on. Such an example 
for instance, is a lamp factory. All lamp factories must contend with the problem of main 
taining a very large number of small gas flames at uniform temperatures. These flames are 
used in sealing the glass bulbs. If the effective temperature of the fi ames suddenly owes 
the work will be damaged. The Brown Flame Analyzer can be put into such a factory « 
when connected to the necessary control equipment, will maintain a uniform pilot flame in t! 
analyzer, which in turn will result in unvarying flames throughout the plant 


Fig. 1 shows the Brown Flame Analyzer, together ‘with the recording instrument and a 
pressure governor and gaye controlling the flow of gas through the analyzer. 


Fig. 2 shows an installation at the plant of the Louisville Gas and Electric Company, 
Louisville, Ky. The Brown Flame Analyzer has a very broad field applying to the needs of 
1 


the gas companies, the large gas consumers, the great iron and steel plants where efficient 
utilization of immense volumes of coke oven gas and blast furnace gas is an important problem, 
and to special requiremerits in many fields and processes where gas is used. Fig. 3 shows a 
ms mixing valve automatically controlled by the Brown Flame Analyzer at the Louisville 


Gas & Electric Company, Louisville, Ky. 





Pavelsonene Engineer, The Brown Instrument Co., Philadelphia. 
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Van Cittert’s Double 
Monochromators 
(P. J. Kipp & Zonen) 


Glass Double Monochromator. In order to obtain a narrow region of 
wavelengths, Dr. van Cittert has constructed a new type of monochroma 
tor, represented diagrammetically in Fig. 1. 
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An image of the source of light used is projected onto the slit S. The 
dotted lines show how the beam of light is converged by the lens Ly, passes 
through the prism P (which is at minimum deviation), and after passing 
lens Le forms a spectrum in the plane of the slit T. 

The slit T, the width of which is adjustable, can be placed in various 
parts of the spectrum. After passing this slit, the monochromatic beam 
traverses the second optical system, which is identical with the first one 
The beam converges onto the slit S'and emerges from there independently 
of the position of slit T. The two lenses L; and L's are intended to con 
centrate all the rays coming from L2 and transmitted by T on to lens L' 

The function of the right half of thz instrument is to clear the mono 
chromatic beam from stray light. In a single monochromator this stray 
light is inevitable; it is caused by reflection and scattering in the various 
parts of the instrument. Thus while the left half of the double mono 
chromator gives some stray light, if this amounts to about 5%, the tu 
halves together only give 21%4 %. 





FIG, 2 
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Fig. 2 shows the complete instrument. The principal features of this 
monochromator are: 

1. Monochromatic light of great purity. 

. Very large aperture, about F/3, the focal length being only 100 mm. 
. Rapid adjustment to any region of wavelengths by a simple displace 
ment of slit T, the position of which can be read off in hundredths of a 
millimeter. A dispersion curve is supplied with each instrument. (The 
narrowness of the spectral region is contro!led by the width of the three 
slits. As a rule, these slits should have an equal width). 

4, The beam emerging from the instrument always has the same direction 
and the same aperture. 

5. The distribution of energy throughout the spectrum may be deter- 
mined by direct measurement, i.e. with the thermop le. After removing 
the central slit, which is arranged for in a very simple way, a white beam of 
light, of which the distribution of energy is exactly known, will emerge. 
The slit S' can be considered as a source of light of which the distribution 
of energy is exactly known. 

6. Both prisms are made of dense flint glass of refractive index np = 1.717 
and dispersion (np —nc) = 0.04231. 


y 
~ 
A 
- 





FIG. 3 


A small removable prism is mounted in the instrument, in order to 
facilitate the sharp projection of slit S on to slit T, when re-adjustment is 
necessary. The lenses L; and Lo, as well as L'; and L', can be displaced and 
their position fixed and read off, in order to allow focussing for infra-red 
rays up to 17000 A. U. 

For the energy measurements the Moll micro-thermopile, which may be 
either attached to the instrument in such a way that its slit replaces the end 
slit of the monochromator, or placed behind this instrument, is used. In 
the latter case the end slit of the monochromator is projected onto the slit 
of the pile by means of a set of lenses. For projecting an image of the 
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source of light onto the slit S,as well as to project the slit S' onto the th 
pile, special lens systems are used. These adjustable systems, mount: 
stands, are corrected for visible light, and allow full advantage to be 1 

of the large aperture of the instrument. 

Quartz Double Monochromator. If investigations are to be made « 
wider range of wavelengths than that possible with the Glass Monoch: 
to- (4000—17000 A. U.), Dr. van Cittert’s Quartz Double Monochro 
can be used from 2000—27000 A. U. 

The principle of the instrument is the same as that of the Mor 
chromator described above. 

As it is impossible to correct quartz lenses for achromatism over a 
region of the spectrum, special focussing mounts have been provided 

Both sides of the instrument being identical in optical construction, 
pair of lenses has its own focussing collar and by rotating this, the lense: 
each pair move together and by exactly similar amounts. 

The focussing collars are provided with divisions and an index mark, 
with the help of the dispersion curve supplied, the wavelength can b 
curately determined, and the position of the lenses set accordingly. 

The aperture of the instrument is about F/4 with a focal length of 14 
mm, and this length can be varied between 120-160 mm. 

The position of slit T can be read off from a divided scale 40 mm in lengtt 
in hundredths of a mm; a dispersion curve gives the position of this slit 11 
the spectrum. As slit S is projected as a curved line in the plane of slit T 
the jaws of the latter are not straight, but curved. 


Nephelo- and Absorptiometers For 
White and Monochromatic Light 


(P. J. Kipp & Zonen) 


Nephelo and Absorptiometer for white light. This instrument, formerly 
described by Prof. Dr. W. J. H. Moll of the Physical Laboratory, University 
of Utrecht (Holland), under the name of “Extinctiometer,”’ has been de 
signed for the measurement of turbidity and absorption. 

Contrary to the well-known visual methods, the measurements with th: 
instrument are absolutely objective. 

The principle is very simple. A source of light (a small 4 volt 14 watt 
incandescent lamp of 25 C. P.) is fixed between two thermopiles I and II 
Shunts of equal resistance (50 ohms) are connected in parallel with the 
thermopiles, one of them being subdivided into 9 X 5 ohms + 10 X 0.5 
ohm. These shunts are connected to a galvanometer as shown in Fig. | 

The instrument has to be so adjusted that the radiation from the lamp 
excites electromotive forces in the thermopiles, giving equal currents 1 
the shunts. Small differences may be compensated by means of the car! 
rheostat. (Fig. 1.) 

If the turbidity or absorption in the two glass vessels, placed betweer 
the thermopiles and the lamp, is the same, the galvanometer will remait 
at zero. If, however, the turbidity or absorption in the vessel between the 
lamp and thermopile I is greater than that in the other vessel, the radiatior 
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received by thermopile I is less and the galvanometer will show a deflection 
which is brought to zero by means of the divided shunt connected with 
thermopile II. This shunt acts as a potentiometer. 
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The reading of this divided shunt immediately gives the turbidity or 
absorption as a percentage of that in the other vessel. 

The efficiency of this method depends entirely on the quality of the 
thermopiles which are of the Moll pattern. They are to a high degree 
free from error, are rapid and very sensitive. 

The construction will be evident from Fig. 2. Upon a wooden base an 
iron rail of triangular cross-section is fixed, along which 5 saddles may be 
moved. The outer ones carry the two thermopiles and the middle one a 
lamp with condensers. On the remaining carriers two holders for glass 
vessels are placed, which also allow the attachment of an extra small vessel 
of 4 X 4 X 1 cm, which can be used as a liquid filter in such cases, where 
a more monochromatic light is required; 1.e., if absorption in the visible 
region has to be measured, it is preferable to eliminate the infrared radiation 
by means of a solution of 39% CuCl. 

The thermopiles are connected to terminals, to which the switchbox 
containing the nondivided as well as the subdivided shunt, is connected 

Sensitivity. If the vessels are filled with water and the turbidity in the 
vessel in front of thermopile I is 1 % more than that in the other vessel, the 
Moll galvanometer gives a deflection of 10 mm on a scale at a distance of 
30 cms, so that a turbidity of 0.1 % can easily be measured. 

Nephelo- and Absorptiometer for monochromatic light. The principle of 
this instrument, is exactly the same as that of the nephelometer for white 
light descrided above. 


Instead of the lamp (See Fig. 1) an adjustable slit with two reflecting 
prisms behind it is mounted on a yoke, movable on the triangular rail. This 
slit is illuminated by a monochromator of great light intensity, placed on 
the same heavy cast iron base and at right angles to the rail 

The source of light consists of a 3 volt, 2 amp. incandescent lamp with 
a tungsten filament, which at the same time serves as the primary slit. The 








Page 21 INSTRUMENTS Mar 








optical system of the monochromator consists of an achromatic cond 
lens system forming a parallel beam of light, which passes through 
Amici triple prism, while a second achromatic lens projects the spectru 
onto the adjustable slit mentioned above. 

The light passing through this slit is reflected by the reflecting pris: 
one half to the left, the other half to the right. Each of these beams of 
is made parallel by an achromatic lens, passes through a glass cell 
afterwards condensed by an achromatic lens system onto the thermoc 

In order to project any part of the spectrum onto the adjustable slit, the 
lantern is mounted on a rising and lowering stand, adjustable in height by 
means of a screw and a rotating collar. The center pillar and collar 
divided and the position can easily be read off. A dispersion curve | 
supplied with the instrument, so that any desired part of the spectrur 
be projected onto the slit. 





Fig. 2 


Thermopiles, as used in the nephelo- and absorptiometer for white light, 
would not be sensitive enough for this instrument, as only a small part of 
the total light energy falls on the junction. Therefore vacuum thern 
couples of the highest sensitivity are used. A magnifier, fitted behind the 
couple, enables it to be accurately adjusted in the beam of light. Vertical 
as well as horizontal movements are provided. The same shunts as those 
for the nephelometer for white lights are used. 

The glass cells are of cylindrical form, with plane glass windows (dia 
meter 50 mm, width 30 mm). They are provided with a device for filling, 
so that the liquid enters at the bottom, thus avoiding air bubbles. The 
liquid is let out by a stop cock, while a second tube, entering at the top, 
allows the cell to be cleaned very quickly while always remaining in place, 
a point which is of great importance for accurate investigations. 

On the heavy cast iron base, terminals are mounted to connect the 
vacuum-thermocouples, the switch-box containing the shunts, the lamp and 
its storage battery. A resistance, switch and small voltmeter for controlling 
the voltage of the lamp are also mounted on the base. 

Sensitivity. In the green part of the spectrum between 5250 and 535\ 
A. U. with a slit of 1% mm width (100 A. U.) and the lamp burning at 
3.2 volt, the deflection of the type Zc galvanometer is 5 mm on a scale at 
1 meter distance for 1% absorption, both cells filled with water, so that 
0.1 % may easily be observed. Under the same conditions, in the violet 
between 4050 and 4150 A. U. with a slit of 0.8 mm width (100 A. U.) the 
deflection of the galvanometer is 2?4 mm on a scale at 1 meter distance for 
1% absorption. 
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The Amici-prism can easily be moved out of the beam of light, thus 
itting the instrument to be used with white light. Of course, the 
nsitivity is then enormous and great care should be taken to safeguard 


, 





the galvanometer. First the slit should be closed and then slowly opened 
only a few hundredths of a millimetre. The use of a shunt-box in parallel 
with the galvanometer is recommended. 
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Recording Color Analyzer 


(General Electric Company) 


HE color analyzer, a photoelectric device, automatically draws for 
permanent record the color curve of a sample in the visible spectrum. 
It is so constructed that either solid substances or transparent materials can 
be analyzed. It isa laboratory instrument, best used for the accurate con- 
trol of the basic materials entering into the manufacture of colored products. 

Light from a vertical, tungsten-ribbon filament passes into the slit of a 
dispersive system. Emerging from this system through another slit as 
monochromatic light, it is passed into a collimator. Here it is divided; half 
is taken off with a right prism and brought to a focus at a sample stand, and 
half passes through a shutter and is brought to focus on a flicker disc, which 
has on its surface a standard white pigment. Light from the sample is col 
lected and brought to a focus in the plane of the flicker disc and is passed 
into a photoelectric tube. 

As the flicker disc is revolved, the photoelectric tube views alternately 
the standard and sample at a rate of 60 alternations per second. A greater 
amount of light reflected from the standard than from the sample results in 
a pulsating photoelectric current which is amplified electrically and used to 
control a motor-operated shutter in the standard light path. This shutter 








INSTRUMENTS M 
will operate until the beams are of equal intensities. The balanc 
indicated by the recorder. 
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As the record drum revolves, the wave length of the light | 
through the exit slit of the monochromator is varied at a uniform rat 
400 to 700 millimicrons, and the curve obtained indicates at each w 
length the position of the shutter which allows an amount of light t 
reflected from the standard equal to that being reflected from the spe 
The shutter is so constructed that the opening is directly proporti 
the amount of light passing through. 

Approximately 3!4 minutes are required to obtain a characteristi 

the period from the time when the pen starts drawing the curve until 
is raised after completing the curve. 

The power source for the analyzer includes 110-volt, 60-cycle alternati 
current to supply the power transformer and the flicker motor, and 8 
direct current for the Jamp and filament currents. It is recommended 
an 8-volt, 210-ampere-hour storage battery be used. 

Since the analyzer is a recording instrument, it does not require the se! 
vices of an operator with specialized training in optics. A\s it uses a phot 
electric tube, it has ample sensitivity at the violet end of the spectt 
where visual spectro-photometers must always fail because of the low visi 
bility of violet light. 

The importance of the recording color analyzer lies in its value t 
dustrv. in nearly every branch of which control of the color of products 1 
necessary. Accurate measurement of colors is the first concern of 
facturers of fabrics, particularly in the delicate shades which often dece 
the eye. Color control is also of basic importance in the making 
paints, dyes and paper. In fact, there is scarcely an industry without 
color problem. 

One of the most important fields of usefulness for the recording « 
analyzer is in cataloging of the curves of different dyes, so that new 
with predetermined characteristics can be obtained at any time 
proper mixture of standard dyes already at hand. 
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Of instruments and devices for measurement, inspection or control 


If you are unable to find what you require in the Buying Section of INSTRUMENTS 
~ Section, Instruments Publishing Co., Pittsburgh, Pa. 
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ABRASION TESTERS 
ACIDITY RECORDERS 
Leeds & Northrup Co. 
ACOUSTIAETERS 
Burgess-Parr 
AIR FLOW INDICATOR 
Brown Instrument Co 
Foxboro Co. 
Meriam Co. 
AIR METERS 
Foxboro Company 
Meriam Co. 
Taylor Instrument Cos. 


ALIDADES 


ALTIMETERS 
Tagliabue Mfg. Co., C. J 


AMMETERS—Indicating 
General Radio Co. 


Jewell Electrical Instrument Co. 


Rawson Elect. Inst. 


Westinghouse Elec. & Mfg. Co. 


Weston Electrical Inst. Corp. 


Recording 
Bristol Company 
Tagliabue Mfg. Co., C. J 


AORAETERS 
Bristol e 
Taylor cane ent Companies 


ARMATURE TESTING EQUIP- 
MENTS "Y 
Westinghouse Elec. & Mfg. Co. 
Weston Elec. Inst. Corp 
ASPHALT TESTING APPA- 
RATUS 


Tagliabue Mfg. Co., C. J. 


ATTENUATION NETWORKS 
General Radio Company 
Rubicon Company 


AUDIO-FREQUENCY OSCIL- 
LATORS 
General Radio Company 


BALANCES 
Alfred Suter 


BAROMETERS—Aneroid, Mer- ame — INSTRU- 


curial, Recording 
Bristol Company 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
BATTERY TESTERS 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp 
BEARING TESTERS 
Burgess-Parr Co. 
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Foxboro Co. 
BRAKE TESTING METER 
BRIGES, ELECTRICAL 


Capacities, Conductivity, Hoopes, 


Inductance, Kelvin, Resistance, 
Temperature, Wheatstone 
General Radio Co 
Leeds & Northrup Co. 
Rubicon Company 


CABLE TESTERS 
Leeds & Northrup Co. 
Rawson Elec. Inst. Co 
Rubicon Company 


CALORIMETERS 
Peroxide, Oxygen Bomb 
Burgess-Parr Co. __ 

Gaertner Scientific Co. 


CAPACITANCE METERS 
General Radio Co. 
Leeds & Northrup Co. 
Rubicon Company 
Weston Elec. Inst. Corp. 


CARBON DIOXIDE METERS 
Brown Instrument Co 
Foxboro Co. 

Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 


— MONOXIDE MET- 


Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 


CATHETOMETERS 


Gaertner Scientific Corp. 


Allred § Suter 
CHRONOGRAPHS 


Gaertner Scientific Corp. 
Leeds & Northrup Co 


CHRONOMETERS 
Tagliabue Mfg. Co., C. J 


CLOCKS—Gage Board 
Brown Instrument Co 
Bristol Company 
Foxboro Co 


CLOUD & POUR TEST APPA- 
RATUS 


Tagliabue Mfg. Co., C. J 
COILS 


Resistance, Inductance, Special. 
General Radio Co 
Hardwick, Hindle, Inc 
Leeds & Northrup Co 
Rubicon Company 


COIL TESTING EQUIPMENTS 
Leeds & Northrup Co 
Rubicon Company 
Westinghouse Elec. & Mfg. Co 


COLORIMETERS 
Spencer Lens Co 


Tagliabue Mfg. Co., C. J 
Ones CONTROL 


Automatic pond Control Co., 
Brown Instrument Co 

IHinois Testing Labs., Inc 

Leeds & Northrup Co. 


COMMUNICATION MEAS- 
_ URING INSTRUMENTS 
General Radio Company 


COMPASS 
Taylor Instrument Companies 
ae i oly ty 0g 
Ames Co 
at Products Corp 
Gaertner Scientific Corp. 


Flow Meters 
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CLEVELAND, OHIO 
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CURRENT LITERATURE REVIEW 


Abstracts on instruments and devices for measurement, inspection and contro! 


The Technology Department, Carnegie Library, Pittsburgh, Pa., will furnish photostats of materia 
here Negative prints are 35 cents per page, plus 10 cents for mailing (first class). All order 
paid in advance The library is not responsible for loss in mail 
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INSTRUMENTS who n I 
will be interested in the firs i f t 
readers, but the reviewer feel d out by reason of its si 
omment on the tate of the Ar I n instr r 
effective method of minimizing cooling-correction rors ynsists i accurate 
temperature of the calorime I 1 complete ter jacke 
ture of which is kept const f eb eans i sen 

This ethod is ci of al legree of a : and possesst ert " 
10 commercial rur t I i t pre t vailat I st ‘ [ 
Part 9, now published in Pre minary Draft for i in its f approved 
have been brought out on the market table thermostatically jacketed calor 
requirements of the A. S. M. E. Power Test (¢ r ) satisfactori that they wi 
scribed in the final rev n of P 9 M. F, | 

PRESSURE 

Wind Pressure on Circular Cylinders and Chimneys. H. L. Dryden & G. ( 

Standards Journal of Research, Sept. 1930, pages 653-691 

In this paper a summary is given published experiment 

lers and of o I ed expe! ts N I 
dards on models, on ¢ cylin natural winds, and on wer | t 
winds. This inforn colle 1 ar zed for the purpos« I 
on chimneys and ot I res at wind speeds pe 
large measure determinations of " tributi f pre re t 

linder in the model experiments, and over a suita hosen se 

winds In addition, the overturning moment on a 10 by 30 foot cylinder in the 
lirectly measured 
Piezo-Electric Indicator for High-Speed Ex plosion Motors (Piezoelektr r Ind 

ifende Verbrennungsmot ren J. K & H. E. Linck Zeitschrift \ 

Ingenieure, June 21, 1930, pages 887-889 

After discussing the familiar indi 2 new tt r wh Y 
electric pressure measurement, that is, the forces t 1¢ act « ig 
duce on this crystal charges prop to the for I ppar ( t f 
measuring chamber of steel in whi es of rtz are placed, a tube v 
hamber is built directly into the « ider of the n I greatest sensitivit 

is 11 mm. deflection for one atmosphere The rang n be increased to 1000 at 
condenser. The inherent frequency of the oscillograph loop is 2000 Hz, that of the 

Hz \ few diagrams taken on a gle inder four-stroke motor on 8PS are reprod 
the pressure-time diagram the t Horse-pow f tl or can be p 
10 references H. A 

Indicating of High-Speed Motors (Indizieren von ifenden Motoren Kurt 

Zeitschrift Vereins deutscher Ingenieure, Jul , pages 1066-1067. 

Describes a method for recording withor nomena which change vet 
vibrations, pressures in explosion motors, et¢ The principle is to transform the m«¢ 
to the quantities to be measured into changes of capacit ich are then used in an ¢ 
cillating circuit with self-induction and capacity The ment is fully described 
reproduced. One diagram shows the pressures in the ers of an explosion motor at 


3 references H, 





Equipment for Measuring the eting Pressure. (Vorrichtung zur Druckmessung au W: 
E. Voigt & W. Lueg. Mitteilungen Kaiser Wilhelm Institut fuer Wisenforschun 
Report 154 (1930) pages 161-164; Stahl und Eisen, Oct. 8, 1930, pages 1442-1443. 





The authors designed a simple instrument to measure the rolling pressure in rol 
elastic measuring box, filled with mercury is deforme he rolling pressure, thus dis] 


mercury into an attached tube of his tube is provided with é 
which are connected with electric b ilbs. The course of the rolling pressure can also be r 
Rolling pressure curves were taken in cold rolling soft steel. The instrument is well fit f 
vising the rolling process.—G, ! 
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CONDENSER LEAKAGE RE- Humidity & Temperature Temperature-Time 
CORDERS artes aoeer Automatic Temp. Contro! « 
® Northrup Co Brown Instrument Co Bristol Co 
; : Foxboro Ge Brown Instrument Co 
CONDENSERS—Electrical Claud $. Gordon Co Foxboro Co 
enera x no Parag? 4 Illinois Sg yn Ir Claud S. Gordon Co 
Leeds & eee sh ? Leeds & Northrup Co Illinois Testing Labs., Inc 
Rubic ompény Minneapolis Honeywell Co Leeds & Northrup Co 
CONDUCTIVITY METERS Tagliabue Mfg. Co., C. J I agliabue Mfg. Co., C. J 
indicating Recording, Controlling avlor Instrument Companies aylor Instrument Cos 
Leeds & Northrup Co si 9 Thermometer 
Bubicon Company Liquid Level Bristol Compeny 


Automatic Temp. Control Co 
COMEMTRA TINS RECORD- Bristol Company 


Brown Instrument Co 


Brown Instrument Co 
Foxboro Co 
Claud S. Gordon Co 


A. &® Northrup Co poweore 6 ° s 
Claud S. Gordon Co Le hag Rion Labs., Inc. 
CONSTANT SPEED & FRE- lilinois Testing Lebs., In — & Northrup Cc °. 
QUENCY SETS Marian Co Tagliabue Mfg. Co., C. J. 
Leeds & Northrup Co Tagliabue Mfg. Co., C. J Taylor Instrument Companies 
CONTOUR MEASURING PRO.- Thermostat 
Pressure & Vacuum Bristol Company 
JECTOR ; ‘ " 
Bausch & Lomb Optical Co Automatic Temp. Control Co Brown Instrument Co 
Mii Bristol Company oxboro Co. ; 
CONTROLS, AUTOMATIC Brown Instrument Co Claud S. Gordon Co 
Condensation Foxboro C O. Minneapolis Honeywell Co 
Tagliabue Mfg. co, &. J Claud S. Gordon Co aylor Instrument Companies 
i Meriam Co. Westinghouse Elec. & Mfg. Co 
Damper Minneapolis-Honeywell Co Thickness 
Automatic Temp. Contr ° Tagliabue Mfg. Co., C. J Esterline-Angus Company 
Bristol Co Taylor Instrument Companies Tin 
Brown Instrument Co y 
Foxboro Co Automatic Temp. Control ¢ 
sepa = Pyrometer Bristol Co 
Leeds & Northrup Co ° : Bris ; 
Bristol Company Brown Instrument € 
Minneapolis penerees! Il Co > Ir 1e/ °. 
bue Mfg. C J Brown Instrument Co Foxboro Co 
agliabue Ng. Co., © Claud S. Gordon Co Claud S. Gordon Co 
Demand Pressure Illinois Testing Labs., In Illinois Testing Labs., Inc 
Foxboro Company Leeds & Northrup Co Tagliabue Mfg. Co., C. J 
Tagliabue Mfg. Co., C. J Taylor Instrument Cos 
Feed Water Taylor Instrument Companies Unit H 
Brown Instrument Co nit eater ms . 
fr Co. Minneapolis-Honeywell Co 
CURD 5-0 Rate-Volume ‘ 
Veriam Co. ih sre Vacuum 
Filter Rate — Bristol Company 
Bro Inct 
Brown Instrument Co . . Brown Instrument Co 
Foxboro Co ReMeeetion 3 Foxboro Ce 
hA Cc \utomatic Temp. Control Co Claud S. Gordon ¢ 
Veriam Co S. G »n Co 
Fl Bristol Co. Meriam Co 
ow Brown Instrument Co T ae 
cs t | ? C Tagliabue Mfa. Co., ¢ J 
ers Temp ‘ ontrol Co Leeds & Northrup Co Taylor Instrument Co 
R t : 
sao nstrument Co Taylor Instrument Cos. be Valve—Motor Operated 
He oa Westinghouse Elec. & Mfg. Co Automatic Temp. Contro! Co 
d V : a ; . 1 Bristol Company 
ravity pecia Brown Instrument Co 
Foxboro Co ’ : Automatic Temp. Control Co Foxboro Co. 
agliabue Mfg. Co., C. J Leeds & Northrup Co. ale Cleud S. Gordon Co 
Humidity Minneapolis-Honeywell Co Minneapolis-Honeywell ( 
Bristol Company ubicon Company Tagliabue Mfa. ¢ Beg Ged 
Brown Instrument Co Taylor Instrument Companies 
Foxboro Co. Tachometer Water Level 
laud S. Gordon Co Brown Instrument Co Bristol Company 
Leeds & Northrup ( Foxboro Co Brown Instrument Co 
Tagliabue Mfg. Co., C. J Claud S. Gordon Co Foxboro Co 
Taylor Instrument Companies Weston Elec. Inst. Corp Tagliabue Mfg. Co., C. J 











Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 





Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers - Voltage Dividers 
Attenuation Networks - String Oscillograph + Thermionic and Oxide- 
Rectifier Voltmeters + Accessories: Rheostats, Transformers, Relays, etc. 


GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus | 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 
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SPEED, ACCELERATION, TIME 
Automobile-Engine Acceleration. Clarence S. Bruce S. A. E. Journal, Sept. 1! 
319. Includes Discussion 
Marking the completion of the investigation of engine acceleration in connect 
the economic volatility of motor fuels that has been under way since 1920, the p: 
of a final progress-report and presents a summary of the results obtained. The « 
is reviewed briefly, following which the phase of the work that the paper covers 
performance with downdraft and updraft induction-systems and with thre: 
onnected by short pipes to the three intake ports of the engine, 
arrangement roughly represents cold carburetion, complete parallel 
is not possible since the three carbureters were not equipped with < 
effect of the accelerating-charge pump was brought out in the discus 
160 ft. in 6 sec., while other cars of the same make but not fitted with 





s described 





























h the pu 
more \nother point raised was the influence on acceleration exerted by the 
terior surface of the manifolds, In reply, the author said that this factor had a gr 
Development of a Recording Sy seaigey-= gpsopel Bernard J. Strouse and J. Canfie 

gineers and Engineering iy 1930, page 109. . 

This paper, which wa prize in a competition of student members of 
Society of Mechanical Er idelphia Section, describes the development 
accelerometer that will mez performance characteristics of an automobile wl 
through the gearshift range The development of the apparatus, the procedure for 
the calibration and interpretation of results are discussed fully with the aid of nur 
The authors conclude from thei that (a) it ‘iscatizeh feasible to measure dir 
tion of a car through the gears} the short-period pendulum-type of inc 
be most suitable for this Laren because it is simple and self-contained, respx 
ontinuously, and works well on any ordinarily level street; and (c) records obtains 
of indicator reveal, directly and conveniently, the most interesting performance 


an automobile 


The Stroboscopic Vernier-Method (Ueber das stroboskopische Noniusverfahr 
& R. Vieweg. Elektrotechnische Zeitschrift, June 5, 1930, page 817. 
An arrangement of 3 stroboscopic discs of one is driven by the motor of unknown 
in the middle) by a synchronous motor, and the third is stationary and serves as ver 
49 radial slots are arranged around the circumference.—H. A 





Introduction of the Conception ‘‘Half-Oscillation’’ for Time-Meters (Einfuehru: 
lalbschwingung”’ bei Zeitmessern Elektrotechnische Zeitschrift, Oct. 30, 193( 
In order to eliminate the contradiction met with in measuring time against all ot! 
measuring oscillations the Gesellschaft fuer Zeitmesskunde and Uhrentechnik has ad 
pression half-oscillation for the time a pendulum goes from one to the other side, and « 


! 

the full time ah the starting point to the return there, just as f. i. for the full period 

oscillation H. 

The Evaluation " Coasting-Measurements by the Time-Differential Line (Die A 
Auslaufmessungen durch die Teilzeitlinie). J. Wicher Elektrotechnische Z« 


1930, pages 1426-1431. 

Losses, friction, and mass of machines is most frequently determined by taking t 
over time after the machine has been cut off from its supply and letting it run unt 
stop. Inthis method the drawing of the tangent to the curve is required which, however 
with only slight accuracy. The author develops a new method which shall obviate th 
he does not plot the speed curve over time actually elapsed but over the time intervals 
individual readings made in taking the speed curve. Several examples illustrate the 
gives a greater accuracy in the higher speed ranges, while in the lower (near coming 
method is the more accurate one.—H. A 
Measurement of the Period of Oscillation of a Clydonograph by Means of Surge Wave s of Know 

Period (Messung der Eigenzeit eines Klydonographen mittels W ande rwellen 
Zeitdauer). Elektrotechnische Zeitschrift, May 8, 1930, pages 676-675 

The period of oscillation of a clydonograph is determined according to a method 
surge waves of definite length of time. The error due to the gradient in the wave front 
by calculation of the wave front; the equations give the course of the wave as a { 
two constants K and T depending on the characteristics of the circuit With 
amplitude and steepness of any surge wave can be determined The period of the 
ment was measured to 40 x 10-5 seconds for positive and 63 x 10-5 seconds for neg 
13 references.—H 
A Review of the Use of Kerr Cells for the Measurement of Time Intervals and the Productior 

Flashes of Light. J.W. Beams. Review of Scientific Instruments, Dec. 1930, pag S 

Indispensable to rese arch workers in the fields of measurement of time intervals of 
millionth down to several billionths of a second—not only by reason of the thor 
scholarship displayed in this lengthy article, but because of the 38 references comprisin 


that many separate bibliographical items. She development of Kerr cells and of their 
is traced from the discovery of the Kerr electroscopic effect in 1875, which furnish« 
operating a “‘light shutter’’ which responds almost instantaneously to electrical 
diagrams of elementary and elaborate set-ups are given, together with descriptions 
discussions. Tables of Kerr constants, and of dispersion in the Kerr effect (wave le1 
6600 A. U.; carbon disulphide and nitrobenzol as media) are included. Reference is 
recent progress in the purification of nitrobenzol which in spite of its large Kerr const 
able as commercially obtainable {.F.B 


X-RAY TESTING & EXAMINATION 
Cellulose as It Is Completely Revealed by X-Rays. George L. Clark. Industrial & 
Chemistry, May 1930, pages 476-487. 

Presented before the Division of Industrial and Engineering Chemistry at the Atla 
of the American Chemical Society April 1930. Great improvements in X-ray techni 
the study of cellulose are outlined.—M. E. H 
Efficiency of Production of X-Rays. Warren W. Nicholas. Bureau of Standards 

Research, October 1930, pages 843-865. 

A complete description of the intensities obtainable outside X-ray tubes for a wide 

tical conditions are obtained 
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CONVERTERS . 
ne Electric Co. 
COORINATOGRAPHS 
COUNTERS —Revolution 
Testing Inst. Co 
a sto| Company _ 
Bre Instrument Co 
Stroke 
rist Compéeny 
COUPLES TRANSFORMERS 
ral Radio Company 
CURRENT RECORDERS 
ristol Company 
Leeds & Northrup Co 


BRENT REGULATORS 
oF inghouse Elec. & Mfg. Co 
CYCLE COUNTERS 

eneral Radio Co. 
CYLINDERS- GRADUATED 

lagil iabue Mfg fg. Co Sy a 
DECELEROMETER 
DEFORMETER (Beggs) 

outhwark Fdy. & Mach. Co 
DEMAND METERS 
Gas : 

Foxboro Company 
Electric 

Westinghouse Elec. & Mfg. Co. 


DENSITOMETERS 
DENSOMETERS 


DIVIDING HEAD 


Optical 
Bausch & Lomb Optical Co. 


DIVIDING MACHINES 


Gaertner Scientific Corp. 
DRAFT GAGES—see Gages 
DYNAMIC BALANCING 

IPMENT 


EQU 
Alfred Suter 


DYNAMOTORS 
Bodine Electric Co 

EARTH CURRENT METERS 
Rawson Elec. Inst. Co. 

ELECTRIC TELEMETER 
Southwark Fdry. & Mach. Co 


ELECTRIC WAVE FILTER SEC- 
TIONS 


General Radio Company 
ELECTROMETERS 
Rubicon Co. 
EMPLOYEES' “IN AND OUT" 
TIME RECORDERS 


ENGINE INDICATORS 
outhwark Fdry. & Mach Co. 


EXTENSOMETER 
Southwark Fdry. & Mach. Co 
Alfred Suter 

FATIGUE TESTERS 
Southwark Fdry. & Mach. Co 
Alfred Suter 

FAULT FINDERS 
General Radio Co 
Leeds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp 


FLASH & BURNING POINT 
TESTERS 


Tagliabue Mfg. Co., C. J. 

Taylor Instrument Cos 
FLOW METERS 

Brown Instrument Co. 


Foxboro 
Meriam Co 


FLUXMETERS 
Leeds & Northrup Co. _ 
Rawson Electrical Instr. Co. 


FOLDING TESTER 
FRACTIONAL HORSEPOWER 
MOTORS 


Bodine Electric Co 


FREQUENCY METERS 
Indicating 
Jewell Electric Instrument Co. 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co 
Weston Elec. Inst. Corp 
Controlling 
Leeds & Northrup Co 
Recording 
Bristol Company 
Leeds & Northrup Co 
Standards 
General Radio Co. 
FUEL ANALYSIS APPARATUS 
Burgess-Parr Co. 


FUEL FLOW INDICATOR 
FURNACE CONTROLS 


Automatic Temp. Control Co 
Leeds & Northrup Co. 
Taylor Instrument Cos 


FUSES 
Instrument 
Littlefuse Laboratories 


GAGE RODS 
Tagliabue Mfg. Co., C. J 


GAGE TESTING OUTFITS 
Amthor Testing Inst. Co. 


GAGES 
Absolute Pressure 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Asemvee 
Ames Co. 
Federal Products Corp. 
Comparator 
B. C. Ames Co 
Federal Products Corp 
Cylinder 
B. C, Ames Co. 
Federal Products Corp 
Deformation 
Southwark Fdry. & Mach. Co 
Depth 
B. C. Ames Co. 
Brown Instrument Co 
Federal Products Co. 
ial 
B. C. Ames Co 
Federal Products Corp 
Differential Pressure 
Brown Instrument Co 
Foxboro Co 
Claud S. Gordon Co 
Meriam Co 
Tagliabue Mfg. Co., C. J 
Draft 
Amthor Testing Inst. Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Claud S. Gordon,Co 
Meriam Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Drill 
Bausch & Lomb Optical Co 
Grinding 
Federal Products Corp 
Liquid Level 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Illinois Testing Labs., Inc 
Meriam Co 
Tegliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Loss of Head 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Meriam Co 
Pitch Diameter 
Federal Products Corp 
Pocket 
Amthor Testing !nst. Co 
Federal Products Corp 





CHICAGO 





Comparators 
Amplifying Gauges 
Thickness Gauges 
Depth Gauges 

Thread Lead Gauges 
Pitch Diameter Gauges 
Cylinder Gauges 

Paper Gauges 


Federal Products Corporation 


CLEVELAND 


DE 


DIAL INDICATORS 


Fabric Gauges 
Rubber Gauges 


Cutter Testin 
Internal and e 


Caliper Gauges 


Providence, R. I. 


Tap Comparator Gauges 
Gear Toote Comparators 
Gauges 
xternal 
Grinding Gauges 


DETROIT 





NEW YORK 
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Pressure GALVANOMETERS HARMONIC ANAI YZERS 

pom 6 Company Brown Instrument Co Leeds & North : 
rown Instrument Co jeneral Radio Co 

Foxboro Co. Claud S. Gordon Co HELIOSTATS 
Claud S. Gordon Co INinois ae Labs., Inc eertner ocientit 
Leeds & Northrup Co Jewell Electrical Instrument Co. HIGH FREQUENCY app 
Meriam Co Leeds & Northrup Co RATUS lai 
Alfred Suter Rawson Elec. Inst. Co. Dulin Cnianal 
Tagliabue Mfg. Co., C. J Rubicon Company Weston Elec 1 t. 
Taylor Instrument Companies Westinghouse Elec. & Mfs. : 7 


Pressure-Temperature Weston Electrical Inst. Corp PnGH VOLTAGE 
Bristol Company GAS ANALYTICAL METERS Fuses 


Brown Instrument Co Littlefuse Laborat 


Ch 
Foxboro Co — Mfa. ¢ cj Indicators 
Claud S. Gordon Co el 3 ‘i ae Weston Elec. Inst 
Illinois Testing Labs., In ectrica : 
Leeds & Northr ip Co brown Instrument Co ag poms eng 5 
Tagliabue Mfg. Co., C. J Leeds & Northrup Co Actin elt 
Taylor Instrument Cos ae 
y oe LEAK seater heater Testing Devices 
Pressure & Vacuum Ta Instrume ompanies Westinghouse El« M 
Bristol Company ; 
Brawn instrument Co GASOLINE METERS HUMIDITY CONTROLLERS 
Foxboro Co Buffalo Meter Bristol Company 
Claud S. Gordon Co GAS-METERS Foxboro ( ° 
Merian Co Brown Instrument Co Taylor Instrument 
feslabue Mis Co.sC Ji. Foxboro Co HUMIDITY RECORDERS 
Meriam Co Wet & Dry Bulb Thermometers 
Profile ; GASOMETERS Bristol Company 
Bausch & Lomb Optical Co Brown Instrument ( 
Rei GEOPHYSICAL Foxboro C« 
on INSTRUMENTS Leeds & Northrup ¢ 
Taylor Instrument Companies Tagliabue Mfg. 
R : Di GOVERNORS Taylor Instrument C 
—_e- istance Laboratory Dry & Wet Gas hate : 
Sristo ompeny HY 3 
Rionamn Teansmaek Cn Pressure oa ION METERS 
Claud S. Gordon Co - a any n a Ne th 
| | rown | smermt ¢ S ortnrug 
Tay or Instrument Cos Tagliabue Mfg. Co., ¢ J Ry bicon Company 
Strain P Controlli i 
Southwark Fdry. & Mach. Co _ Mfg. Co., C. J a peeing 
Alfred Suter : ; , agg 
GLASS STRAIN TESTERS HYDROMETERS 


Tagliabue Mfg. ( 














Tester 

Southwark Fdry. & Mach. Co GREASE TESTING APPARA- Taylor Instrum 
Thickness %.. Mia. Co..C. J HYGROMETERS 

C. Ames Co enituaee sc ilies’ Brown Instrument 
Amthor Testing Inst. Co GROUND DETECTORS Foxboro Co. 
Federal Products Corp Leeds & Northrup Co Leeds & by so 7: 
Rubicon Company Tagliabue Mfs. ¢ 

Volume Westinghouse F & Mfa. Co Taylor Instrumen t Compar 

B tri C | ' 

cone. : Weston Electrical Inst. Corp. — |MPACT HARDNESS TESTER 

Meriam Co GROUND-OHMER Alfred Suter 

- Leeds & Northrup Co. ar oe TESTING MACHINES 

Water Level for Boilers Alfred Suter 

Bristol Company GYPSUM_ TESTING  INSTRU- 

Brown Instrument Co MENTS Alternating 

Foxboro Co Alfred Suter INDICATORS—See Gages 
Wind HARDNESS TESTERS INDUCTANCES 

Bristol Co Claud S. Gordon Co Oeneral Radio 

Brown Instrument Co Southwark Fdry. & Mach. Co wen & Northrur 

Taylor Instrument Companies Alfred Suter tubicon Company 








Compton Electrometer 


A sensitive modification of the original 
quadrant electrometer with adjustabl 
electrostatic control. 
sk for Bulletin No. 330 
RUBICON COMPANY 
Electrical Instrument Makers 


9 NORTH 6th STREET PHILADELPHIA, PA 


tS 
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INSTRUMENT, —— ATION MANOMETERS 


Pm or a ae Inst. Co. 
sud S. Gordon Co. 
Electrical Instrument Co 
Rubicon Company 
Yeston Elec. Inst. Corp. 
INSTRUMENT FUSES 
Littlefuse Laboratories 
INSTRUMENT OILS 


ye, Inc. 


muna TRANSFORM.- 
ERS 


lewell Electrical Instrument Co 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp. 


INSULATION TESTING EQUIP- 
— 


s & Northrup Co. 
Ru “bi con Company 
Westinghouse E ie & Mfg. Co 


INTEGRAPHS & INTEGRA- 
TORS 


Leeds & Northrup Co. 
INTERFEROMETERS 
Gaertner Scientific Corp 
INVERTED CONVERTERS 
Bodine Electric Co. 
JOB TIMING RECORDERS 
KEYS AND SWITCHES 
General Radio Co. 
Leeds & Northrup Co 
Rubicon Company 
KILNBOY 
Foxboro Co. 


KILOVOLT AMPERE METERS 


KLYDONOGRAPHS 
Westinghouse Elec. & Mfg. Co. 
LACTOMETERS 
Tagliabue Mfg. C o., eS J. 
Taylor Instrument © 


LENGTH ME ASURING MA- 
CHINES 


Gaertner Scientific Corp. 
LEVELS 
Centering a 

Bausch & Lomb Optical Co 
Engineer's, Wye, Precision, Prism 

Taylor Instrument Companies 
LIQUID METERS 

Buffalo Meter Co. 
LOCOMOTIVE INDICATORS 
LUSTER METERS 
MACHINE OILS 

William F, Nye, Inc. 
MAGNETOMETERS 


Rubicon Company 


Brown Instrument Co 
Foxboro Co. 
Meriam Co. 


Alfred Suter 
MASTER CLOCKS 


Gaertner Scientific Corp 


MEGOHMMETERS 
Illinois Testing Labs., Inc 
Leeds & Northrup Co 
Rubicon Company 


MEGOHM VOLTMETERS 
Jewell Electrical Instrument Co 
Weston Electrical Inst. Corp 


MELTINGPOINT APPARATUS 
Claud S. Gordon Co 
Tagliabue Mfg. Co., C. J 


METER PROVERS, Gas 
METER TESTERS, Gas 


MICROMETERS 
Amthor Testing Inst. Co 
Gaertner Scientific Corp 


MICRO AMMETERS 
Jewell Electrical Instrument Co 
Rawson Electrical Instrument Co 
Weston Electrical Inst. Corp 


MEROF AR ADIMETERS 
General Radio Co 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Rubicon Company 
Weston Electrical Inst. Corp 


MICRO PYROMETERS 


MICROSCOPES 
Brineli 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp 
Claud S. Gordon Co. 
Spencer Lens Co 
Alfred Suter 
Metallographic 
Bausch & Lomb Optical Co 
Claud S. Gordon Co. 
Svencer Lens Co. 
Petrographical 
Bausch & Lomb Optical Co. 
Spencer Lens Co 
Toolmakers’ 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp. 
Spencer Lens Co. 


MICROTOMES 


Bausch & Lomb Optical Co 
Spencer Lens Co. 
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MILLIAMMETERS 
General Radio Co 
Jewell Electrical Instrument Co 
Rawson EI ectrical Instrument Cx 
Weston El petsical inate Com 
MILLIVOLTMETERS 


Bristol Company 

Brown Instrument Co 

Illinois Testing Labs., Inc. 
Jewell Electrical Instrument Co 
Rawson Electrical Instrument Co 
Taylor Instrument Companies 
Weston Electrical Inst. Corr 


MOTOR RADIATOR VALVES 


KA 


Minneapolis-Honeywell Co 
MOTION RECORDERS 
Mechanical 

ristol Company 

Foxboro Co 
MOTORS 

Bodine Electric Co 


MOTOR GENERATOR SETS 


Bodine Electric Co 


a sea pe 


2awson Electric 4| Instrument ¢ 
MULTIPLIERS 
Jewell Electrical Instrument ( 
Leeds & Northrup ¢ 


Weston Electric 
NEON FILLED TUBES 
NEPHELOMETERS 


encer Lens Co 


OHM METERS 
General Radio Co 
Jewell Electrical Instrument ( 
Leeds & Northrup Co 
Rawson Electrical Instrument ¢ 
Rubicon Company 
Weston Electrical Inst. Corp 


OILS 
William F Nye, Inc 


Olt a 
Buffalo Meter ¢ 


Claud S 


OIL TESTING ta Stay sot oe 
agliabue Mfg O., 
Taylor Ins rues ay ompanies 
OPERATION RECORDERS 


Electrica! 
Bristol ¢ 


al Inst. Corp 


Gordon Co 


ompany 
Brown Instrument Co 
oxboro Co 

Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 








NYE’S PORPOISE JAW 


WATCH and CLOCK OILS 


are the most effective lubricants for delicate 
mechanism and instruments of precision. 


Dept. W. 


Nye's highly refined oils are considered indispensable and are 
used almost exclusively for clock, 
rication. They have unequalled qualities- 
tion—function perfectly under extreme temperatures. 
guaranteed oils have been known to lubricate successfully for 
three years without being replenished. Always ask for NYE’S. 


WM. F. NYE, Inc. 


watch and chronometer lub- 
lower rate of oxida- 
The e 


Oil Refiners for over half 
a century 


NEW BEDFORD - MASS. 











When writing to the abc 


n INSTRLI 


MENTS 
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ORIFICE METERS 

Brown Instrument Co 

Foxboro Co. 

Meriam Co. 
ORSAT APPARATUS 
OSCILLOGRAPHS 

General Radio Co 

Westinghouse Elec. & Mfg. Co 
OXYGEN RECORDERS 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J 
PANTOGRAPHS 

Gaertner Scientific Corp 
PERFORMANCE METER 
PERMEAMETERS 

Leeds & Northrup Co 

Rubicon Company 
PAPERTESTINGINSTRUMENTS 

Amthor Testing Inst. Co 

Spencer Lens Co 
PERISCOPES 

Bausch & Lomb Optical Co 

Geertner Scientific Corp 
PHASE INDICATOR 

Westinghouse Elec. & Mfg. Co 


PHASE SEQUENCE INDICA- 
TOR 


PHONOGRAPH TURN- 
TABLES, Electric 
Bodine Electric Co. 
PHOTOELECTRIC COLOR 
ANALYZERS 
PHOTOELECTRIC COLOR 
COMPARATOR 
PHOTO-ELECTRIC TUBES 
Westinghouse Elec. & Mfg. Co 
PHOTOMETERS 
aertner Scientific Corp 
Bausch & Lomb Optical Co. 
Leeds & Northrup Co 
bi _— MA- 


Anker’ em Inst. Co 
Claud S. Gordon Co 
— Fdry. & Mach. Co 


A. Sut 
PITOT TUBE METER 
Brown Instrument Co. 
Foxboro Co 
PLANIMETERS 
Automatic Flow Record 
Brown Instrument Co 
Linear 
Brown Instrument Co 
Redial 
Bristol Company 
Foxboro Co 






INSTRUMENTS 


M 





Square Root 
Foxboro Co 


POLARISCOPES 


Geertner Scientific Corp. 


POSITION RECORDERS 
Bristol Company 
Foxboro Co 


POTENTIAL DETECTORS 
Leeds & Northrup Co > 
Westinghouse Elec. & Mfg. Co. 


POTENTIOMETERS—Indicating 
Brown Instrument Co. 
Claud S. Gordon Co 
Leeds & Northrup Co 
Rubicon Company 


Recording & Controlling 
Claud S. Gordon Co 
Leeds & Northrup Co. 


POWER FACTOR METERS 
Jewell Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corp. 


POWER FACTOR REGULA- 
TORS 
Westinghouse Elec. & Mfg. Co. 
PRESSURE RECORDERS 


Bristol Co 

Brown Instrument Co 
Foxboro Co. 7 
Taylor Instrument Cos 


PROCESS TIMING AND SIG- 
NALING INSTRUMENTS 


PROGRAM INSTRUMENTS, 
Automatic Temp. Control Co. 
Leeds & Northrup Co 


PROJECTION LANTERNS 
Bausch & Lomb Optical Co 
Spencer Lens Co. 


PROTRACTOR 


Optical 
Bausch & Lomb Optical_Co 


PSYCHROMETER 


Recording 
Bristol Company 
Foxboro Co 
Leeds & Northrup x: 
Tagliabue Mfg. Co., J 
Taylor Instrument her 


Sling 


Taylor Instrument Companies 


PYROMETERS 


Optical 
Claud S. Gordon 
Leeds & Northrup ( 


Radiation 

indicating 

Brown Instrument ( 
Claud S. Gordon ( 
Leeds & Northrup ‘ 
Taylor Instrument ¢ 

Recording 

Brown Instrument ( 
Leeds & Northrup ‘ 
Taylor Instrument ¢ 


Thermo-electric 
immersion 
Bristol Company 
Brown Instrument ( 
Claud S. Gordon ( 
Illinois Testing Labs., 
Leeds & Northrup ( 
Taylor Instrument ¢ 
Indicating 
Bristol Company 
Brown Instrument 
Claud S. Gordon 
Illinois Testing Lab 
Leeds & Northrup ‘ 
Taylor instrument ( 
Westinghouse Ele 
Recording and Controllies 
Bristol Company 
Brown Instrument ¢ 
Claud S. Gordon ¢ 
Leeds & Northrup ‘ 
Taylor Instrument ( 
Surface Contact 
Bristol Company 
Brown Instrument ( 
Claud S. Gordon ¢ 
Illinois Testing Labs., 
Leeds & Northrup | 
Taylor Instrument ( 


RADIO FREQUENCY OSCIL- 
LATORS 


General Radio Company 
Jewell Electrical Inst 


RADIO SET ANALYZERS 
General Radio Com 
Jewell Electrical Inst 
Weston Electrica 


RADIO TUBE CHECKERS 
General Radio Compa 
Jewell Electrical Instr 
Weston Electrical Inst 















PYROMETER SERVICE 


WIRE OR WRITE 


1B! 


PHONE 


CLAUD S.GORDON:Co. 
PYROMETER 
SPECIALISTS 


CHICACO 
708 MADISON ST. HAYMARKET 4983 <| 





When writing to the above company, 


We are prepared to in- 
stall and maintain the 
Temperature Indica- 
tor, or Controller best 
suited to your require- 
ments. 


Claud S.Gordon Company 


“The House of Service” 
Established 1914 
Cleveland Indianapolis 










Chicago 





please mention INSTRUMENTS 











SCIL- 


ny 


olis 


== 








March, 1931 


RADIO TEST PANEL 


INSTRUMENTS 





ell Electrical Instrument Co. 
Rut on Company e 
Y/eston Electricai Inst. Corp 


REFRACTOMETERS 


Bau sch & Lomb poetics! Co. 
Spencer Lens 


REGULATORS — a Controls 
RELAYS 


REMOTE METERING EQUIP- 
MENT 


General Radio Co 

Claud S. Gordon Co. 

Jewe || Electrical Instrument Co 
nneapolis-Honeywell Co 

W salnaount Elec. & Mfg. Co. 

Weston Electrical Inst. Corp 


Bristol Company 
Brown Instrument Co. 
General Electric Co. 
Leeds & Northrup Co. 


Westinghouse Elec. & Mfg. Co. 


RERST ANCE Shesietcol 


General Radio 
Hardwick, Hindle, Inc. 
Leeds & Northrup Co. 
Rubicon Company 
Spencer Lens Co. 


RHEOSTATS 


General Radio Co. 
Hardwick, Hindle, Inc. 
Rubicon Company 
Spencer Lens Co. 


SIGN ALING DEVICES— Auto- 
matic 
Brown Instrument Co 
Leeds & Northrup Co 
Rubicon Company 


SLIDE RULES 
SLOW SPEED MOTORS 


Bodine Electric Co 


SMOKE INDICATORS & RE- 
CORDERS 


Leeds & Northrup Co 
Westinghouse Elec. & 


SOIL PRESSURE CELLS 
say oor ee INSTRUMENTS 
mthor Testing Inst. Co 


Burgess-Parr Co. 
Meriam Co. 


SPECIAL ELECTRICAL INSTRU- 
MENTS 


Mf 


\Ifg. Co 


Bristol Co. 

Brown Instrument Co 

General Radio Co 

Illinois Testing Labs., Inc. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 

Rawson Electrical Instrument Co 
Rubicon Company 

Weston Electrical Inst. Corp 


SPECIAL RECORDING DE- 
VICES 


ROTOSCOPE “or —* APPARA- 
as 
—_ INSTRU- SPECTROGRAPHS 
Gaertner Scientific Corp 
SACCHARIMETERS SPECTROSCOPES 


Bausch & Lomb Optical Co. 
Spencer Lens Co 
Tavlor Instrument Companies 


SACCHAROMETERS 


Tagliabue Mfg. Co., C. J. 


SALINITY INDICATORS 


Leeds & Northrup Co. 
Rubicon Company 


SCALES 


SCRATCH HARDNESS TESTER 


Amthor Testing Instrument Co. 


Gaertner Scientific Corp 
Alfred Suter 


SEISMOGRAPHS 
SERVICE RECORDERS 
SHUNT METERS 


SHUN 


Jewell Electrical Instrument Co. 


Bristol 


TS 


Leeds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp 











AMTHO 


Bausch & Lomb Optical Co 
Geertner Scientific Corr 
Spencer Lens Co 
SPECTROPHOTOMETERS 
Bausch & Lomb Optical Co 
Gaertner Scientific Corr 
SPEED INDICATORS 
See Tachometers 
-— RECORDERS 
Amthor Testing Inst. Co 
Brown Instrument Co 
Leeds & Northrup Co. 
STANDARD CELLS 
Weston Electrical Inst. Corp 
STEEL TAPES 
STOP WATCHES 
STRAIN GAGE 
Southwark Fdry. & Mach. Co 
Alfred Suter 


STRESS INDICATOR 


DIRECT READING SCALES—; 


simple — automatic —no balancing of weights 

readings shown directly on the graduated quadrant 

for ASBESTOS, ROOFING, PAPERBOARD, 
NEWSPRINT, WAX PAPER, etc 

(ream weights, basis weight) 

CORDAGE (running feet per pound) 


(yield in sq. in. per pound) 


PAPER 
FOIL 


Direct Reading Laboratory Scales to order with 
graduations in grains or grams 


TESTING INSTRUMENT CO., 


315A 


Johnson St. 


I ige IQ 
STROBOSCOPES 
re DIOXIDE METERS 
->ds & Northrup Co 


Tagli hess files Ce oo 


SULPHUR DETERMINATION 
APPARATUS 
Burgess-Parr Co 
Tagliabue Mfg. Co., C. J. 
SUNSHINE RECORDERS 
Leeds & Northrup Co 


Taylor Instrument ¢ ompaenies 
SURGE RECORDERS 
SYNCHRONIZING FORKS 

Electrical 


seneral Radio Cc 
4s & Northrup Co 


SYNCHRONOUS MOTORS 


Bodine Electric Co. 


FACHOSCOPES 
nthor Testing Inst. Co 
Brown Instrument Co 


a 
thor Testing Instrument Ce 
istol Company 
Brown Instrument Co 
Foxboro Co 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Corr 
TELESCOPES 
Bausch & Lomb Optical Co. 
saertner entific Corre 


TENSILE TESTERS FOR PAPER 
WIRE, SHEETS, ETC. 


Amthor Testing Instrument Co 
Alfred Suter 

TENSOMETER CSmaas 
Southwark Fdry. & Mach. Co 


TESTERS, Gas 


TESTING MACHINE 
Portable—Tensile—Compression 
Southwark Fdry. & Mach. Co 
Universal 
Amthor Testing Inst. Co 
, laud S. Gordon Co 
Southw vark Fdry. & Mach. Co 
A. Suter 
TEXTILE TESTING IN- 
STRUMENTS 
A. Suter 
THEODOLITES 
THERMO-JUNCTIONS (Electric) 


( panera? Radio Co 
Ra n Electrical Instrument Co 






Inc. 
Brooklyn, N. Y. 








When writing 


to the above company, please mention INS 
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THERMOMETERS TINTOMETER Regulating 
Gas Filled TORSIOGRAPH Automatic Temp. ( 
Br stol Company TORSION MACHINES Bristol Co. 
Brown Instrument Co Alfred Suter Brown Instrument ( 
Foxboro Co TRANSFORMATION POINT Foxboro Co 
Claud S. Gordon RECORDERS Claud S. Gordon C 
Tagliabue Mfg. Co., C. J Brown Instrument Co Minneapolis-Honeyw 
Taylor Instrument Companies Leeds & Northrup Co Tagliabue Mfg. Co 
bAgmneton ag tet nag Taylor Instrument Compa: 
Jrown Instrument Co General Radio Co. 
Foxboro Co. Weston Electrical Inst. Co we Pe é 
Tagliabue Mfg. Co., C. J TRANSITS Minneapolis-Honeyv. 
Meristot C Engineer's, re a Mine Tagliabue Mfg “ore 
ristol Co Gaertner Scientific Corp 
Claud S. Gordon Co Pocket VENTURI METERS 
Tagliabue Mfg. Co., C. J Taylor Instrument Companies Brown Instrument Cc 
Taylor Instrument Companies TUNING FORKS—Electrically Foxboro Co 
Resistance Driven VIBROGRAPH 
Brown Instrument Co General Radio Co. VIBROSCOPE 
Claud S. Gordon Co Gaertner Scientific Corp VISCOSIMETERS 
Illinois Testing Labs., Inc. Leeds & Northrup Co Tagliabue Mfg. Co 
Leeds & Northrup Co Rubicon Company Taylor Instrument Companies 
Vapor-Tension TURBIDIMETERS VISCOSITY TUBES 
Bristol Company Burgess-Parr Co VOLTAGE DIVIDERS 
Brown Instrument Co U-TUBE MANOMETERS General Radio Co 
Foxboro Co. Amthor pestes Inst. Co Rubicon Company 
Claud S. Gordon Co Meriam (¢ VOLT-AMMETERS 
Tagliabue Mfg. Co., C. J VACUUM RECORDERS Jewell Electrical! nstrument 
Taylor Instrument Companies Bristol Company Westinghouse Elec. & Mfg 
Wet & Dry Bulb Brown Instrument Co Weston Electrical Inst 
Bristol Company Foxboro Co VOLTMETERS 
Brown Instrument Co Taylor Instrument Cos Indicating 
Foxboro Co. VACUUM TUBE BRIDGES General Radio Co 
Claud S. Gordon Co General Radio Company Jewell Electrical Instrument 
Leeds & Northrup Co VALVES Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J Automatic Shut Of Rawson Electrical Instrument ( 
Taylor Instrument Companies Automatic Temp. Control! Co Westinghouse Elec. & Mfg. C 
THERMOSTATS Bristol Company ‘ Weston Electrical Inst. Corr 
Bristol Company Sam fatrument Co, Recording 
Brown Instrument Co Foxboro Co ‘ Bristol Company 
Foxboro Co. 7 C leud S. Gordon Co Leeds & Northrup ¢ 
Claud S. Gordon Co Minneapolis-Honeywell Co Westinghouse Elec. & Mfg 
Minneapolis Honore Co Tash labue Mia. Co., C. J Thermionic, Oxide Rectifier 
Tagliabue Mfg. Co., J Taylor Instrument as General Radio Co 
Taylor Instrument Companies Sulancedl WATER METERS 
TIME OPERATION RECORD. *@ancee ee Foxboro Co 
ERS utomatic Temp. Contro! Co. Ww ATER METERS—Hot and Cold 
Brown Instrument Co 
Buffalo Meter Co 


pristel — Foxboro Co. WATER & SEDIMENT APPA. 
Sxvere SO Claud S. Gordon Co ATUS 


Claud S. Gordon Co Pe P 
Tagliabue Mfg. Co., C. J Diaphragm Tagliabue Mfg. C 
TIME RECORDERS Bristol Company WATTHOUR METERS 
Bristol Company Foxboro Co Westinghouse Elec. 8 
Brown Instrument Co Claud S. Gordon Co WATTMETERS 
Geertner Scientific Corp Tagliabue Mfg. Co., C. J. Indicating 
—_ S. Gordon Co Taylor Instrument Companies Jewell Electrical Instru 
© Co Electrically Operated os Rawson Electrical Instrument 
TIME SWITCHES Automatic Temp. Control Co Westinghouse Elec. & Mfg 
Claud S. Gordon Co Bristol Company _ Weston Electrical Inst. ( 
Westinghouse Elec. & Mfg. Co Brown Instrument Co Recording 
TIMERS Claud S$. Gordon Co : Bristol Company 
Automatic Temp. Control Co Minneapolis-Honeywell Co WAVEMETERS | 
Leeds & Northrup Co Reducing General Radio 
Rawson Elec. Inst. Co Claud S. Gordon e, WAX MELTING APPARATUS 
Rubicon Company Tagliabue Mfg. Co., C. J. Tagliabue Mfg. Co 














NIAGARA METERS 


Niagara Meters measure any liquid not 
chemically destructive. Use them for 
accurate automatic measurement in 
place of gaugesticks, measuring tanks 
and other makeshift means. Eliminate 
exposure of liquids to contamination 
and fire hazard, Also for accurate keep- 
ing of cost and inventory records. Send 
for complete information. 


BUFFALO METER CO. 
2609 Main Street, Buffalo, N. Y. 

















When writing to the above company, please mention INSTRUMENTS 








INSTRUMENTS 








THE NEW 40-PAGE 
AMES DIAL GAUGE ¥ 
CATALOGS 


Send today for the new Ames Gauge Catalog. Con- 
taining complete information about the construction, 
use and care of all types of Micrometer Dial Gauges, 
mountings, attachments, Upright Gauges, Pocket 

Gauges, Automotive Gauges, Lens Measures, Pre- 

cision Verifiers, Comparators, Gauge Repair Service 
and Replacement Parts. 


B. Dy e AM ES co. Waltham, Mass. 











ADVERTISERS’ INDEX 


A 
(mes Co., B. C. Waltham, Mass 
Amthor Testing Instrument Co 
Johnson St., Brooklyn, N. ¥ 
\t Electric Devices Co 361 
superior St., Chicago, Ill 


Bausch & Lomb Optical Co., 615 St. Paul 
Roche ster, 
Bri istol Company, Waterbury, Conn 
Sack 

Buffalo Meter Co., 2909 Main St., Buffalo 
wh 

Burgess-Parr Co., 111 West Monroe St 
Chicago, Ill. 


Federal Products Corp., Providence, R. | St I 
G Rochester 
yaertner Scientific Corp., 1201 Wright Suter, Alfred 
wood Ave., Chicago, III. York, N. ¥ 
General Radio Co., Cambridge \ 
Massachusetts 3 ° 
Gordon, Claud S., 708 W. Madison St Tagliabue Mfs 
Chicago, II. Nostrand Ave 
I 
Illinois Testing Labs ! 145 West 
Austin St., Chicago 


Taylor Instrumen 


Rochester, 


L 
eds & Northrup Co., 4901 Stenton Ave., Weston EI! 
Philadelphia, Pa. ) Frelinghuysen Ave., 
ttelfuse Laboratories, 1774 Wilson Ave Wollensak Optical Cor 
Chicago, IIl. Ave., Rochester, N. 


Announcing Catalog I—Interferometers and 
Interference Apparatus, listing: 
Michelson Interferometers. Lummer-Gehrcke Interfero- 

Fabry and Perot Interferometers. meter. 

Thermal Expansion Interferometer Fabry and Perot Etalon. 

Michelson Echelon. Wavelength Spectrometer. 
Light Sources. 


This Catalog is now ready for distribution and will be sent on 
request to interested parties. 


THE GAERTNER SCIENTIFIC CORPORATION 


1201 Wrightwood Ave. Chicago, U. S.:A. 





When writing to the above companies, please mention INSTRUMENTS 





INST RU ME NTS 


INDEX CARD SECTION 


A file card index will be a valuable asset. It is suggested that this index information be cut out, m 
cards, and filed inyourdeskorinafileboxontopofyourdesk. You willthenhave within easy rea 
index of instrument information of incalculable value. 





PressuRE MeEaAsuRING INSTRUMENTS 


M. F. BEHAR, INSTRUMENTS, Vol. 4, No » Ma rch 1931, | pages 143-172 
Third instalment of Chapter XI of Handbook of Industrial Instruments. It includes t 


INSTRUMENT SPRINGS AND DIAPHRAGMS 
The Status of Knowledge of Their Elastic and Endurance Properties 

M. F. BEHAR, INSTRUMENTS, Vol. 4, No. 3, March 1931, pages 173-181 
Compilation of publist ta on “fatig rift, hysteresis, temperature modu { 


1 paper or mping proper 


MEASUREMENT OF AIR FLOW 
E. OWER, INSTRUMENTS, Vol. 4, No » Ma irch 1931, ges 182-192. 
This instalment ntis s the d sasion of th : neter. It considers 1 


effect of var 


WorkKING VISCOSITY 
H. L. HAZELTINE, INSTR( ME NED, Vol 4, No. 3, March 1931, page 


This is the fourth of a se article irnish testing 


ae a, TET 


“Standardized Weathering” 


analyzing, and determining weathering 
In the accelerated cabinet 





Is at last a fact with all that it means in testing, < 
characteristics and limitations of materials of every nature. 
of this instrument it is possible to duplicate with great accuracy Nature's forces of Sun 
Rain, Cold, and Heat and study and chart their effects. 

Wasmeenegaser determinations are today the deciding factor in the use of many 
materials. These same determinations may well prove ay incalcuable value in your 
own work. For further details let us send you Bulletin 1- 

By the Makers of Fade-Ometer and ha 
Distributors 
New York Boston London Berlin 


ATLAS ELECTRIC DEVICES CO. 


361 West Superior Street Chicago, Illinois 











NEW WOLLENSAK 350 POWER 
MICROSCOPE 


$18 50 The convenient size, simple manipulation and precise optical 
" qualities oft thi is new microscope will appea! to every scientist 
chemist, physicist, or other professional man 
New Features 
Affords magnification from 100 to 350 power accurately 
graduated in steps of 50 power. Concave mirror rack and 
pinion tilting stand enabling microscope to be used in all 
positions—detachable base which si ifies the examination of 
any matter that cannot be conveniently plac ed on stage 
At your dealer or direct postpaid $18.50 Money back 
guarantee 
Wollensak 50 to 110 power microscope, $10.00, with rack 
and pinion. Catalog free 
WOLLENSAK OPTICAL COMPANY 
930 Hudson Ave. Rochester, N. Y. 
Lens problems our specialty 





When writing to the above companies, please mention INSTRUMENTS 








» Compensated Tubing That 


Sets Standards of 


cold... it makes no differ- 

ence in the accuracy of your 
recording thermometers or tempera- 
ture control if they are Tycos Instru- 
ments, equipped with the new Tycos 
Compensated Tubing. 


c UMMER, winter. . . hot or 


This mercury-actuated tube system is 
so built that it automatically com- 
pensates for any surrounding temper- 
ature changes. The tubing may pass 
over steam pipes or refrigerated coils 

_it may run outside and be sub- 
ject to weather and seasonal changes. 


Tycos Compensated Tubing is superior 
to other compensating systems on the 
market which use springs and lever 
mechanisms and are subject to 
mechanical failures. These devices 
depend for their operation on the 
average temperature effect along the 
entire tubing, while Tycos Compen- 
sation is INBUILT and compensates 
at the actual point of temperature — a 


change. with Tycos Compensated Tubing, 
which automatically corrects forany 


The Tycos Compensated Tubing does change of temperature along its 
. course. For extreme accuracy, 
not add parts to the instrument nor specify Tycos Instruments with 


does it change the external appear- Tycos Compensated Tubing. 


ance of the tubing. It is by far the 

most accurate, sensitive and wholly 

satisfactory compensated tubing ever VC Os 
offered. We will be glad to send = 


further information on request. 











Taylor /nstrument Companies 
ROCHESTER, N. Y., U.S.A 


IN CANADA 
Taylor /nstrument Companies 
OF CANADA, LTD 
TORONTO 


=< _lemperature 
COS = nstrumen S: 


RECORDING 4 CONTROLLING 











(RADE MARK 


BRISTOL'S 


The Most Extensive Line of Recording 
Indicating and Controlling Instrument 
Equipment For The Industries 


Pressure and Vacuum Humidity 
Pressure Gauges, Recording Psychrometers, Recording 
Pressure Gauges, Indicating Psychrometers, Recording 
Vacuum Gauges, Recording Controlling 
Vacuum Gauges, Indicating 
Combination Pressure and Vacuum 
Gauges, Recording 
Liquid Level 
Liquid Level Gauges, Recording Moti, 
Liquid Level Gauges, Indicating fotson : ; : 
Water Level Gauges for Steam Boiler Mechanical Saamem Recorders 
Indicating and Recording Siacartoe! (ipeeetion Recorders 
Temperature ' Control, Automatic 
Thermometers, Recording (for tem- Control Instruments for Tempers 
__peratures'up to 1000° F.) ture, Pressure, Liquid Level 
Thermometers, Indicating (Mercu- Humidity, furnished in both Elec 
rial Type trically Operated and Air Oper: 
Pyrometers, Recording for tem- ated Types. 
peratures up to 3000' F.) — Control Valves, including Motor 
Pyrometers, Indicating (for tem- Operated, Solenoid and Diaphragm 
peratures up to 3000’ F.) Motor Types. 
Electricity Control Panels 
Voltmeters, Recording 
Milli Voltmeters, Recording Miscellaneous 
Ammeters, Recording Engine Counters 
Milli Ammeters, Recording. Revolution Counters 
Shunt Ammeters, Recording Averaging Instruments 
Wattmeters, Recording Gaugeboard Clocks 
Frequency Meters, Recording Supplies for Recording Instrume 
FIELD ENGINEERING SERVICE WITHOUT OBLIGATION 


To aid in planning for new equipment, or for installation details Bristol's Field S¢ 
Engineer will be placed at your disposal—without any obligation whatsoever 


THE BRISTOL COMPANY, WATERBURY, CONN. 


Branch Offices 4 
Boston 
New York 
Philadelphia EQ) T 3 eo 


Pittsburgh SINCE 
Birmingham 1689 
Akron Instruments fur Indicating Recording Controlling 


Speed 
Tachometers, Recording 
Tachometers, Indicating 


nts 








